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ABBREVIATIONS 
& ACRONYMS

A1B 			   A mid-range emissions scenario 
A2 			   A high-range emissions scenario
ACP 			   Arctic Coastal Plain
AK CSC 		  Alaska Climate Science Center 
ALFRESCO 		  Alaska Frame-Based Ecosystem Code 
ALT 			   Active Layer Thickness
APEX 			  Alaska Peatland Experiment 
AR4 			   IPCC Fourth Assessment Report 
AR5 			   IPCC Fifth Assessment Report 
ATM 			   Alaska Thermokarst Model 
B2			   A low-range emissions scenario
C 			   Carbon
CAVM 		  Circumpolar Arctic Vegetation Model
CCCMA CGCM3 (T47) General Circulation Model version 3.1-t47, developed at the Canadian Centre 			 
			   for Climate Modeling and Analysis (CCCMA) 
CCSM4 		  Community Earth System Model 4, developed at the National Center for Atmospheric 		
			   Research (NCAR) 
CH4 			   Methane
CMIP 			   Coupled Model Intercomparison Project 
CMIP3 		  Coupled Model Intercomparison Project - Phase 3 
CMIP5 		  Coupled Model Intercomparison Project - Phase 5 
CO2 			   Carbon Dioxide
CRU 			   Climate Research Unit
DOS-TEM 		  Dynamic Organic Soil version of the Terrestrial Ecosystem Model
DVM-DOS-TEM	 Dynamic Vegetation Model/Dynamic Organic Soil Version of the Terrestrial 			 
			   Ecosystem Model
DWD 			   Dead Woody Debris
ECHAM 		  European Centre Hamburg Model 5, developed at the Max Planck Institute for 			 
			   Meteorology 
ER 			   Ecosystem Respiration
FMPO 			  Fire Management Planning Option
GCM 			   General Circulation Model 
Gen 1 			   Generation 1 or linear coupling of the IEM where exchange of information between 		
			   models occurs in series 
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Gen 2 			   Generation 2 or cyclical coupling of the IEM where data outputs are exchanged among all
			   models, which produce outputs at different time scales, and incorporates the outputs for 		
			   the next time step 
GIPL 			   Geophysical Institute Permafrost Lab model 
GIS 			   Geographic Information System
GPP 			   Gross Primary Production
IEM 			   Integrated Ecosystem Model or Integrated Ecosystem Model for Alaska and Northwest 		
			   Canada 
IPCC 			   Intergovernmental Panel on Climate Change 
ISO			   International Organization for Standardization
LCC 			   Landscape Conservation Cooperative 
LTER 			   Long Term Ecological Research Network
MAGT 		  Mean Annual Ground Temperature
MDM 			  Methane Dynamic Model
MOSSDZ 		  Thickness of the moss layer
MPI-ECHAM5/MPI-OM	 Max Planck Institute for Meteorology, European Centre Hamburg Model 5
MRI-CGCM3		  Meteorological Research Institute, Coupled General Circulation Model v3.0
N 			   Nitrogen
NCAR 			  National Center for Atmospheric Research
NEE 			   Net Ecosystem Exchange
NPP 			   Net Primary Productivity 
PDOS-TEM		  Peatland Dynamics Organic Soil version of the Terrestrial Ecosystem Model
PI 			   Principal Investigator 
PRISM			  Parameter-elevation Regressions on Independent Slopes Model 
RCP 			   Representative Concentration Pathways 
RH 			   Heterotrophic Respiration
RPM			   RPM Package Manager
SERDP 		  Strategic Environmental Research and Development Program
SNAP 			   Scenarios Network for Alaska and Arctic Planning
SOILC 			  Change in soil carbon stocks
SOC 			   Soil Organic Carbon
SPOT-5		  Satellite Pour l’Observation de la Terre number 5
TEM 			   Terrestrial Ecosystem Model
TK 			   Thermokarst
USFWS 		  US Fish and Wildlife Service
USGS 			   US Geological Survey
VEGC 			  Vegetation Carbon Stocks
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SECTION 1. 
SUMMARY

This report describes the progress made by the Integrated Ecosystem Model (IEM) for Alaska and Northwest Canada Proj-
ect for the full duration of the project (September 1, 2011 through August 31, 2016). The primary goal of this project was 
to develop the IEM modeling framework to integrate the driving components for and the interactions among disturbance 
regimes, permafrost dynamics, hydrology, and vegetation succession/migration for Alaska and Northwest Canada. The ma-
jor activities of the project include (1) development and delivery of input data sets, (2) model coupling, (3) evaluation and 
applications of fire and vegetation dynamics, (4) evaluation and application of ecosystem carbon and energy balance, (5) 
evaluation and application of regional permafrost dynamics, (6) permafrost infrastructure modeling research, (7) develop-
ment of a landscape thermokarst modeling capability, and (8) development of wetland modeling capability based on field 
studies. Here we briefly describe the key accomplishments for each of the major activities of the project as well as a summa-
ry of next steps for each of the major activities. 

INPUT DATA SET DEVELOPMENT AND DELIVERY

We completed two separate global circulation model selection procedures to determine the best performing models over 
the IEM region. We downscaled all IEM input variables to the appropriate model resolution of 1km. To deal with the high 
level of natural year to year variability in wildfire, we determined which climate model inputs would result in the most and 
least area burned over time when ran through the ALaska FRame-based EcoSystem COde (ALFRESCO) fire model. This 
approach allowed us to explore the full range of likely future projections of fire. We developed an initial set of specific cli-
mate summaries and change geographic information system (GIS) datasets showing how climate models compare through 
time and to historical data. We also developed a more user friendly data publishing platform. Our analysis indicates that 
in the last 60 years, Alaska has seen a large increase in mean annual air temperature (1.7 °C), with the greatest warming 
occurring over winter and spring. Warming trends are projected to continue throughout the 21st Century.

MODEL COUPLING

To allow individual modeling groups to continue to control the source code for the independent models, a common 
“coupling” environment was designed to handle the time series control and data sharing among models. Individual models 
were compartmentalized to support modular use, so that the framework could be run as an integrated model, or as inde-
pendent models.  Common data is passed through the coupler to prevent extensive input/output slowdowns for temporary 
state data. The coupler executable was developed and tested, and continues to be modified as component models make 
additional progress towards integration. Currently, the modeling coupling framework supports time step synchronization, 
data sharing and storage, with individual models handling specific changes. To support the computational and storage 
requirements of the IEM, a computing cluster was purchased, installed, and configured.

FIRE AND VEGETATION DYNAMICS

The ALFRESCO model was used to simulate the dynamics of wildfire and vegetation transitions for historical (1950-2009) 
and future (2010-2100) time periods across the IEM domain driven by two climate scenarios that resulted in substantial 
differences in the simulated area burned. Fire frequency and area burned have increased in recent years across Alaska and 
northwest Canada, and the trend is projected to continue for the rest of the century for both climate models. The boreal 
region is projected to see the highest increase in fire activities, and late successional vegetation in the region, such as spruce 
forest, was projected to decline, whereas early to mid-successional vegetation, such as deciduous forest, was projected to 
increase. In tundra regions, shrub tundra is generally projected to increase and graminoid tundra to decrease.
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ECOSYSTEM CARBON DYNAMICS AND ENERGY BALANCE

We further developed Dynamic Organic Soil version of the Terrestrial Ecosystem Model (DOS-TEM) to represent the 
effects of fire severity on carbon storage. We applied DOS-TEM, driven by the wildfire outputs of ALFRESCO, over the 
entire IEM domain. Carbon dynamics were simulated by DOS-TEM at 1-km resolution, with dynamic climate and fire 
regime, and static vegetation composition. These simulations were a key aspect of the USGS Land Carbon Project. Changes 
in atmospheric heating were estimated for each Landscape Conservation Cooperative (LCC) region in Alaska using snow 
cover from DOS-TEM, and fire and vegetation dynamics from ALFRESCO.  The model simulations indicate that the IEM 
region was a small sink for carbon during the historical time period and becomes a much stronger sink for carbon in the 
future. These results of the simulations also indicate that changes in snow cover duration, including both the timing of 
snowmelt in the spring and snow return in the fall, provided the dominant positive biogeophysical feedback to climate 
across all LCCs, and were greater for the warmer and drier climate scenario compared to the less warm and dry climate 
scenario due to more loss of snow cover in the warmer scenario. The greatest overall negative feedback to climate from 
changes in vegetation cover was due to fire in spruce forests in the Northwest Boreal LCC and fire in shrub tundra in the 
Western LCC.

PERMAFROST DYNAMICS: REGION-WIDE MODELING RESEARCH

The Geophysical Institute Permafrost Lab (GIPL) model was used to simulate the dynamics of permafrost temperature 
and active layer thickness, for historical (1901-2009) and future (2010-2100) time periods across the IEM domain. Simula-
tions of future changes in permafrost indicate that, by the end of the 21st century, late Holocene permafrost in Alaska and 
Northwest Canada will be actively thawing at all locations and that even some Late Pleistocene permafrost will begin to 
thaw at some locations. The modeling results also indicate how different types of ecosystems and fire disturbances affect the 
thermal state of permafrost and their stability. Although the rate of soil warming and permafrost degradation in peatland 
areas are slower than other areas, a considerable volume of peat in Alaska and Northwest Canada will be thawed by the end 
of the current century. 

PERMAFROST DYNAMICS: INFRASTRUCTURE MODELING RESEARCH IN NORTHERN ALASKA 

To understand how the potential changes in permafrost will affect infrastructure on local and regional scales, we modeled 
the ground temperature dynamics using the two climate scenarios representing different levels of warming for disturbed 
ground conditions. To illustrate this capability, we modeled a potential increase in taliks, which is unfrozen ground ma-
terial between the bottom of the active layer and the top of the permafrost table, for gravel pads with thickness of 0.6 m 
(2 ft), 1.2 m (4 ft) and 1.8 m (6 ft). The development of taliks in undisturbed conditions will have serious implications for 
ecosystems, hydrology, and animal habitats that will impact subsistence lifestyles, while the development of taliks under the 
gravel pads will impact infrastructure and increase maintenance expenses.

THERMOKARST MODELING

The development of a thermokarst model capable of predicting landscape-level dynamics of thermokarst disturbance 
across the IEM domain was a major research effort in this phase of the IEM effort. Changes to the structure and function of 
wetlands has the potential to affect animal species that are dependent on these wetland complexes. As part of this research, 
we successfully developed a conceptual framework for the Alaska Thermokarst Model (ATM) in the context of the IEM 
as a stand-alone state-and-transition module that simulate landscape transitions for thermokarst landforms analogous to 
ALFRESCO’s simulation of vegetation dynamics. We also developed a permafrost predisposition model to estimate the 
portion of the landscape vulnerable to thermokarst disturbance. We have developed the transition rules for both tundra 
and boreal ecosystems. We have also developed a land cover for the arctic coastal plain of Alaska to be used by the ATM.
Wetland Dynamics: Field-based Research. We continued our collaboration with Dr. Waldrop’s (USGS Menlo Park) field 
program studying wetland dynamics. These field studies consist of conducting flux scaling studies at the Alaska Peatland 
Experiment (APEX), where work has been ongoing since 2005. Data from the eddy covariance sites indicate that the net 
ecosystem exchange of a rich fen, thermokarst collapse scar bog, and black spruce forest is sensitive to hot, dry conditions. 
We find large amounts of interannual variability in net ecosystem exchange at the thermokarst collapse scar bog, ranging 
from a source of 126 g C m-2 in 2014 to a sink of -83 g C m-2 in 2012. Methane emissions varied across the sites, with larg-
est emissions of CH4 in the rich fen and collapse scar bog and little from the black spruce forest. Studies of N availability 
indicate that the conversion of forest to wetlands associated with permafrost thaw in boreal lowlands increases N availabil-
ity, at least in part by increasing turnover of deep soil organic matter. Long-term carbon flux data from water table manip-
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Project data described in the 
following sections are available at: 

www.snap.uaf.edu/projects/iem

ulations at the rich fen suggests that there are lag effects of droughts seen in a treatment with a lower water table as carbon 
fluxes remained suppressed in wet years following prolonged droughts.

WETLAND DYNAMICS: MODELING RESEARCH

The goal of the model-based research of the wetland dynamics activity was to model the biogeochemical and successional 
dynamics of wetland types in Alaska. We primarily focused on modeling the biogeochemical dynamics of two wetland 
types being studied as part of the field-based research component of the wetland dynamics activity: (1) collapse-scar fens 
and (2) collapse-scar bogs. The primary tool we developed as part of this activity was peatland DOS-TEM (PDOS-TEM), 
which required adding a peatland organic carbon module to DOS-TEM.  After developing and integrating this module 
into PDOS-TEM, we applied the model to synthesize the results of a field water table manipulation experiment that was 
conducted in a boreal rich fen and in a collapse scar bog, both of which were studied as part of the wetland field program. 
Our objective in these studies was to use the model to understand how increasing atmospheric CO2 and changing climate 
will influence the exchange of CO2 and CH4 with the atmosphere, and the degree to which the cumulative forcing of these 
exchanges would enhance or mitigate climate warming.

PRIORITY NEXT STEPS

Our key goal early in the next phase of the IEM project is to complete the cyclical/synchronous coupling of ALFRESCO, 
DVM-DOS-TEM, and GIPL in the IEM framework so that feedbacks among the extant versions of these component 
models are fully considered in the application of the IEM framework. We will conduct research to add new functionality to 
the IEM framework by the end of the next phase. This includes the implementation of herbivory and associated vegetation 
dynamics in ALFRESCO, with applications focused on caribou and moose. We will also implement successional vegeta-
tion and wetland biogeochemical capabilities into DVM-DOS-TEM. In the next phase of the IEM project, the ATM will 
be applied outside of the original test areas, in all Interior Alaska and the entire Arctic Coastal Plain. The ATM will also be 
dynamically coupled to the IEM framework to represent the effect of thermokarst dynamics on hydrology, vegetation com-
position, permafrost dynamics, biogeochemical and biogeophysical processes. We will also develop animal habitat models 
capable of using the landscape dynamics simulated by the ATM to assess how thermokarst disturbance may influence the 
availability of animal habitat.
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SECTION 2. 
PREFACE

Ongoing climate change throughout 
Alaska and Northwest Canada is af-
fecting terrestrial ecosystems and the 
services that they provide to the people 
living in the region. These services in-
clude the provisioning of food and fiber 
by Alaskan ecosystems, the importance 
of ecosystems to recreation, cultural, 
and spiritual activities of people in the 
region, and the role Alaska ecosystems 
play in regulating hydrology and the 
climate system. Assessments of the 
effects of climate change on ecosystem 
services has in part been hindered by the 
lack of tools capable of forecasting how 
landscape structure and function might 
change in response to climate change. 
In Alaska and Northwest Canada, such 
tools need to consider how ecological 
processes play out in both space and 
time. Landscapes may change in time 
and space, in part, because of shifting 
species composition (e.g., an increase of 
shrubs in tundra) and species migration 
(e.g., treeline advance). Shifts in land-
scape structure and function may be caused by changes in disturbance regimes (e.g., fire), permafrost integrity, and hydrol-
ogy across the landscape.  This project developed, tested, and applied the Integrated Ecosystem Model (IEM) for Alaska 
and Northwest Canada to explore how landscape structure and function might change in response to how climate change 
influences interactions among disturbance regimes, permafrost integrity, hydrology, vegetation succession, and vegetation 
migration. This tool provides scenarios of changes in landscape structure and function that can be used by resource-specif-
ic impact models to assess the effects of climate change on specific natural resources. 

This primary goal in this project was to develop the IEM modeling framework to integrate the driving components for 
and the interactions among disturbance regimes, permafrost dynamics, hydrology, and vegetation succession/migration 
for Alaska and Northwest Canada. The geographic domain of the Integrated Ecosystem Model for Alaska and Northwest 
Canada includes four of Alaska’s Landscape Conservation Cooperatives (LCCs, Figure 2-1): Arctic LCC, Western Alaska 
LCC, Northwest Boreal LCC, and the area of the North Pacific LCC within Alaska. This framework couples (1) a model of 
disturbance dynamics and species establishment (ALFRESCO), (2) a model of soil dynamics, hydrology, vegetation suc-
cession, and ecosystem biogeochemistry (the dynamic vegetation model /dynamic organic soil version of the Terrestrial 
Ecosystem Model (DVM-DOS-TEM)), and (3) a model of permafrost dynamics (the GIPL model) (Figure 2-2). The IEM 
is an integrated framework that provides natural resource managers and decision makers an improved understanding of 
the potential response of ecosystems due to a changing climate and more accurate projections of key ecological variables of 
interest (e.g., wildlife habitat conditions). 

Our specific objectives in this project were to (1) “couple” the models, (2) develop necessary input and desired outputdata 

Figure 2-1. The spatial domain of the Integrated Ecosystem Model for Alaska 
and Northwest Canada.
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sets for Alaska and adjacent areas of Canada, and (3) phase in additional capabilities not originally in ALFRESCO, DVM-
DOS-TEM, or GIPL that are necessary to address effects of climate change on landscape structure and function. There are 
two different methods used to couple the models in the IEM, linear and cyclical (Figure 2-3). The first method, referred to 
as linear or asynchronous coupling, allows for the exchange of information between models to occur in series. For example, 
data generated by the first model in the series is used as input for a second model, and output from the second model is 
subsequently used as input for the next model. The second method, referred to as cyclical or synchronous coupling, allows 
data outputs to be exchanged among all models, which produce outputs at different time scales and incorporates the out-
puts for the next time step. The IEM output generated by linear coupling is identified as Generation 1, and the IEM output 
generated by cyclical coupling is identified as Generation 2. The cyclical coupling of the models is both a technical activity 
that is necessary so that the models can exchange data while they are running in parallel for the same climate scenario, and 
a scientific activity to evaluate that the temporal and spatial dynamics of the component models are appropriately aligned. 
The consideration of Alaska and Northwest Canada allowed us to deal with landscape issues that do not necessarily stop at 
the Alaska-Canada border and give the IEM the capability to support assessments of trans-boundary resource responses 
to climate change. With respect to current capabilities, the component models have substantial expertise in addressing fire 
disturbance dynamics, vegetation dynamics, and permafrost dynamics in interior Alaska, particularly with respect to up-
land ecosystems. Most model development work focused on better representing dynamics in lowland ecosystems. This in-
cluded the development of a modeling capability to represent landscape-level thermokarst changes, which are important to 
incorporate into the IEM because subsidence associated with the melting of previously frozen water in ice-rich permafrost 

Figure 2-2. Modeling framework for the synchronous coupling among ALFRESCO, DVM-DOS-TEM and GIPL in the Integrated 
Ecosystem Model for Alaska and Northwest Canada.
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Figure 2-3. Methods for Linking the IEM Model. Diagram showing the linear (left) and cyclical (right) coupling methods used 
to link the three models—ALFRESCO, TEM, and GIPL—that comprise the IEM.

can result in substantial changes in vegetation and habitat (e.g., turning a forested permafrost plateau into a collapse scar 
bog). The group also worked on modeling wetland dynamics, which are important to represent because much of Alaska 
and Northwest Canada is covered by wetland complexes, and changes in wetland structure and function has the potential 
to affect numerous animal species that use wetlands (e.g., waterfowl). The development of these capabilities will provide an 
ability to assess the effects of climate change on animal habitat in the next phase of the IEM.

This document reports progress for the full extent of this phase of the IEM project from 1 September 2011 through 31 
August 2016. There was an earlier 1-year proof of concept phase of the IEM project, which we will refer to as the previous 
phase of the IEM in this report. The IEM project has also been renewed for another five years starting in September, 2016, 
which we will refer to as the next phase of the IEM project in this report. This report is structured as follows: (1) Proposed 
Activities, Progress, and Next Steps, (2) Products (Data, Publications, Presentations at Scientific Conferences), (3) Out-
reach Activities and Presentations, (4) References, and (5) Participants. The sections on Proposed Activities, Progress, and 
Next Steps are reported as follows: (1) Input Data Set Development and Delivery, (2) Model Coupling, (3) Fire and Vege-
tation Dynamics, (4) Ecosystem Carbon Dynamics and Energy Balance, (5) Permafrost Dynamics: Region-wide Modeling 
Research, (6) Permafrost Dynamics: Infrastructure Modeling Research in Northern Alaska, (7) Thermokarst Modeling, (8) 
Wetland Dynamics: Field-based Research, and (9) Wetland Dynamics: Modeling Research.
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SECTION 3. 
PROPOSED ACTIVITIES, 
PROGRESS, & NEXT STEPS

This section reports on the proposed activities, progress, and 
next steps for each of the following components of the project: 
(1) Input Data Set Development and Delivery, (2) Model 
Coupling, (3) Fire and Vegetation Dynamics, (4) Ecosystem 
Carbon Dynamics and Energy Balance, (5) Permafrost 
Dynamics: Region-wide Modeling Research, (6) Permafrost 
Dynamics: Infrastructure Modeling Research in Northern Alaska, 
(7) Thermokarst Modeling, (8) Wetland Dynamics: Field-based 
Research, and (9) Wetland Dynamics: Modeling Research.
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3.1. INPUT DATA SET 
DEVELOPMENT & DELIVERY

3.1.1. PROPOSED ACTIVITIES

The IEM project included several proposed data set development activities and expected deliverables. We proposed to 
develop downscaled (1x1x1 km) data sets of climate drivers across Alaska and Western Canada, using both historical 
and projected data sources, to support modeling trans-boundary resource responses to climate change. We also proposed 
to develop additional data streams to support specific focus areas including tundra fire, treeline and tundra succession 
dynamics, and thermokarst and wetland dynamics. In year 3 of the project, after ongoing discussions with Alaska Climate 
Science Center investigators and LCC collaborators, we proposed additional work to include specific climate summaries as 
well as change datasets to better explain and visualize the effects and impacts of climate change projections. The key data 
products from this research are available for download at the following URL: http://ckan.snap.uaf.edu/dataset?tags=IEM.

3.1.2. PROGRESS

Extensive progress was made on the proposed input data development and delivery. In deciding the spatial extent of 
the study, we completed a comprehensive review of all historical and projected data available to support the proposed 
modeling efforts. This included a survey into the strengths and weaknesses of historically observed vs historical reanalysis 
data. Due to the large spatial extent and remote characteristics of the IEM region, there are limited high resolution climate 
observations available. Climatic Research Unit (CRU) high resolution climate data (Harris et al. 2014) was chosen due to 
long record, a relatively rapid update cycle, availability of all required variables, and because it is based on actual observed 
climate as opposed to modeled outputs. Our analysis indicates that in the last 60 years, Alaska has seen a large increase in 
mean annual air temperature (1.7 °C), with the greatest warming occurring over winter and spring. 

Monthly projected data were 
obtained from the Coupled Model 
Intercomparison Project (CMIP; 
Meehl et al 2007, Taylor et al. 2012) 
which supports the Intergovernmental 
Panel on Climate Change (IPCC 
2013, 2014) reporting efforts. The 
IEM used climate inputs from either 
CMIP3 (IPCC Assessment Report 
4) and CMIP5 (IPCC Assessment 
Report 5) models. To select the best 
subset of models to use in the IEM, 
we completed two separate model 
selection procedures across the full set 
of CMIP3 and CMIP5 models (~45 
models). We selected the top 5 models 
from each CMIP model group that 
best replicated broad scale historical 
patterns of temperature, precipitation, 
and sea level pressure across Alaska 
and Canada, following methods from 
Walsh et al. (2008). Figure 3.1.2-1. Change in summer average temperature from 1961-1990 

(PRISM) to 2040-2069 (NCAR CCSM4, RCP 8.5).
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Due to the highly variable nature of wildfire from year to year, our next goal was to bracket the projected variability in 
ALFRESCO runs by determining which climate model inputs resulted in the most and least cumulative area burned. This 
approach allowed us to explore the full range of likely future projections of fire. After calibrating ALFRESCO to historically 
observed fire metrics, we ran ALFRESCO using all 10 climate model inputs to determine which models’ climate data 
inputs resulted in the most and least cumulative are burned from now until 2100. This allowed us to bracket the variability 
and limit the IEM assessment to 2 models for each set of CMIP runs. The resulting CMIP3 models include CCCMA-
CGCM3.1(T47) and MPI-ECHAM5/MPI-OM, and we used the conservative A1B scenario. CMIP5 models for RCP 8.5 
include NCAR-CCSM4 and MRI-CGCM3. RCP selection for AR5 runs is still being discussed.

The full set of 10 models, 6 scenarios, and 4 variables were downscaled using the delta method. The delta method calculates 
climate anomalies between historical and future climate at the GCM scale, interpolates those to the observed baseline 
climate resolution, and then combines them with the observed climate dataset. This approach removes model specific bias, 
by using an observed climatology as the baseline climate. CRU data (10 minute resolution) was used as baseline climate for 
vapor pressure (calculated from relative humidity) and radiation (derived from cloudiness). PRISM data (2km) were used 
as baseline climate for temperature and precipitation. Full details of the downscaling methods are available in the metadata. 
We also developed an initial set of specific climate summaries and change GIS datasets showing how CMIP3 and CMIP5 
models compare through time and to historical data (Figure 3.1.2-1). These products are currently being developed into 
more user friendly interactive plots.

In addition to the above time series climatic variables, we also developed a land cover classification to allow the models 
to better distinguish forest cover types from tundra, wetland tundra from upland tundra types, and heath from other 
upland shrub types, as these dynamics are specific focuses of the IEM. We derived various topographic variables including 
elevation, slope complexity and aspect.

Figure 3.1.2-2. Screenshot of the SNAP data portal, (http://ckan.snap.uaf.edu/dataset?tags=IEM).
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We completed a research data management plan that adheres to the Department of Interior Climate Science Center Policy. 
This document outlines how the IEM team will facilitate full and open access to data products produced by this study.
Due to the volume and complexity of this project, we developed a more user friendly data publishing platform, generally 
referred to as the SNAP data portal (Figure 3.1.2-2). This platform allows ingestion of ISO metadata records, but also 
allows supplementary information and files to be attached to each record, such as programming code, references, or links 
to project pages. It is an open source solution, which enables more flexibility in the future when collaborating with other 
data portals. Please refer to the section below on data products for a full listing of available model input and output data. 
You can obtain all IEM related data from the SNAP data portal (http://ckan.snap.uaf.edu/dataset?tags=IEM).

3.1.3. NEXT STEPS

Going forward, we will continue to support the publishing of all model outputs from the current Generation 1 runs and the 
to-be-conducted Generation 2 runs of the IEM. We will also support the development of retrospective data sets pertaining 
to biogeophysical (e.g., soil temperatures, active layer depths) and vegetation (e.g., productivity) variables for model 
evaluation. As various impact models are being developed, we will support the delivery of supplemental data summaries 
as required for those model runs. It is likely that new or updated data sets will be needed for driving the additional IEM 
capabilities such as thermokarst dynamics, wetland dynamics, and herbivory and vegetation dynamics. In addition, if 
IPCC Assessment Report 6 is completed with new CMIP model output, we will consider using those outputs depending 
on the status of the IEM at that point in time. We will remain engaged with other national and international data portals to 
promote federation of our data holdings to other systems to improve discoverability of IEM outputs.
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3.2. MODEL 
COUPLING

3.2.1. PROPOSED ACTIVITIES

A major goal of this project was to develop a method to integrate multiple research models in a way that allowed for more 
complex systems dynamics and dynamic data usage. To develop a solution for an integrated modeling environment, it was 
first important to understand how the individual component models (ALFRESCO, DVM-DOS-TEM, GIPL) functioned, 
their input/output needs, computational requirements, and social dynamics of the groups developing these models. These 
models posed significant challenges to coupling, as they have different spatial awareness, time step requirements, and 
different quantitative representations and methodologies (e.g., mechanistic rules and stochasticity for ALFRESCO and 
deterministic process-based numerical solutions for DVM-DOS-TEM and GIPL). In addition to the structural differences, 
these models are maintained by different research groups, and the models themselves have demanding processing and data 
storage requirements.	

A computational structure was designed to address the challenges of the independent modeling groups, the models 
themselves, and the requirements for data sharing and computational needs. Individual modeling groups continue to 
control the source code for the independent models. Within each model, changes have been outlined for sections that 
will require interaction with coupled aspects of each (related variables, data access, time step control functions, etc.).  A 
common “coupling” environment was designed to handle the time step synchronization (stepping forward by months or 
years as required) and data sharing between models using common data arrays accessed by each model via standardized 
function calls (Figure 3.2.1-1). Individual models have been compartmentalized to support modular use of “shared 
libraries”, so that these libraries could be included for use by the integrated model, or for use by independent models.  
Common data are passed through the coupler to prevent extensive input/output slowdowns for temporary state data.
Along with this design, substantial framework development, reduction of redundancy, and the redesign of model code was 
required among the component models. Modeling groups were also required to redesign portions of the model to support 
greater integration capabilities, standardized formats, common source code maintenance, and support for the coupled 
environment. Additionally, it was necessary for all component modeling groups to support a method within their model 
for time step synchronization so that the models would be able to trade current information from the spatial domain at 
monthly or yearly intervals as appropriate.

3.2.2. PROGRESS

The coupler executable was developed and tested, and continues to undergo changes as progress is made to component 
models. Currently, it supports the modeling infrastructure (time step synchronization, data sharing, storage, etc.), with 
individual modeling groups handling specific changes as they advance the representation of science advancements in their 
models. Within shared memory space, there exists a “truth repository” of data structures that can be accessed/modified 
by the component models when needed without impacting the variables within each model. The executable has access to 
runtime functions within the three component models, which allows each model to be stepped forward in a controlled 
fashion.  This allows for dynamic data passing at standard intervals. This code has been made available in a public 
repository for shared access and visibility. This code has been used to complete sample “small domain” runs as a proof of 
concept, consisting of a handful of cells run through the time series. Although these proof of concept runs are indicative of 
functionality of the integrated modeling system, the integrated modeling framework still needs to be further exercised and 
evaluated to understand the implications for the application of the modeling framework to the full IEM domain.
A large amount of effort has been dedicated to individual work in the component models. Each of the three models 
now support the ability to build and distribute independent libraries of that model. These models can be linked into a 
single executable (for independent work) or into a common “coupled” environment for integrated work, which provides 
substantial flexibility for model application. Support has also been added to some of the models for specific data 
pathways (biomass, fire size, fire location, etc.).  Source code is now hosted for all models in a common location, allowing 
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contributors to view and access the code of partnering groups. The component models are now built and deployed as RPM 
(RPM Package Manager) packages. Automated build processes were set up to standardize deployment and consistency, 
allowing simplified installation of the models. A large refactoring of input/output methods has been completed in DVM-
DOS-TEM, which allows more transparent access to data and supports climate research standards and improved access to 
existing geospatial tools.

To support the computational and storage requirements of the IEM, a computing cluster was purchased, installed, and 
configured. This system (Atlas) is being heavily utilized for work related to the IEM project and has allowed great advances 
to be made. The system is a 15 node cluster (allowing 480 total processes), supporting large memory, large storage 
support, and high networks speeds to support the modeling framework. This resource has allowed for greater simulation 
capabilities, and more refined calibration of the models for greater accuracy and prediction support.

3.2.3. NEXT STEPS

While significant progress has been made on the component models and the coupling environment, there is still more that 
remains to be done. As the highest priority, it is important to fully implement parallel processing for DVM-DOS-TEM. 
This model has a large requirement for computational time, and it will be extremely important to address this hurdle for 
the completion of full domain simulations.  Work is underway to address this issue, and additional work is being applied to 
optimize the model code.

Once parallel development is satisfactorily 
completed, work will move forward 
on a test case for scalability. There is 
still uncertainty associated with this, as 
previous full scale runs of the model have 
been on the order of multiple weeks and/
or months. A small subset area will be used 
to assess the total resources required to 
complete domain-wide simulations. After 
that is completed, full domain simulations 
will begin. While full domain simulations 
pose a significant computational challenge, 
it is an expected requirement of the 
integrated modeling framework. Future 
optimization of the parallel computation 
versions combined with increased 
hardware capacity going are expected to 
meet this challenge.

Figure 3.2.1-1. The Loose Coupling approach to synchronous coupling to 
allow each component model (ALFRESCO, DVM-DOS-TEM, and GIPL) in 
the Integrated Ecosystem Model for Alaska and Northwest Canada to be 
maintained independently.
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3.3. FIRE & VEGETATION 
DYNAMICS

3.3.1. PROPOSED ACTIVITIES

The proposed fire and vegetation dynamics activities this phase of the IEM project focused on development of new 
functionality to better simulate tundra fire regimes and vegetation succession with the aim to forecast landscape changes in 
tundra regions of Alaska and northwest Canada. These improvements were implemented in ALFRESCO and were focused 
on the role of climate and wildland fire disturbance on the conversion of tundra to shrubland and forest.

3.3.2. PROGRESS

New fire and vegetation dynamics functionality was added to ALFRESCO. A single generic tundra vegetation class 
was separated into three classes of varying flammability: graminoid tundra, shrub tundra and wetland tundra. We also 
implemented tree migration and tundra transition routines in ALFRESCO (Figure 3.3.2-1, Breen et al. in preparation), 
and added an optional routine to evaluate the influence of mycorrhizal fungi in the soil on treeline expansion (Hewitt et al. 
2015). The calibration regime in ALFRESCO was also altered to separately optimize the model for the tundra and boreal 
regions of the study area as fire dynamics differ between these regions. These results and information on fire severity were 
then passed to DOS-TEM to model active layer thickness and carbon storage after fire in Interior Alaska (Genet et al. 
2013, 2016) and the consequences of changes in vegetation and snow cover for biophysical climate feedbacks in Alaska and 
northwest Canada (Euskirchen et al. 2016).

In addition, through leveraged projects including a Department of Defense Strategic Environmental Research and 
Development Program (SERDP) funded project titled, “Identifying Indicators of State Change and Forecasting Future 
Vulnerability of Alaskan Boreal Ecosystems” and a USGS funded project titled, “Baseline and Projected Future Carbon 
Storage and Greenhouse Gas Fluxes in Ecosystems in Alaska,” we created: (1) relative flammability and relative vegetation 
change maps for the study region (Rupp et al. 2016), (2) projected fire and land cover change for the Landscape 
Conservation Cooperatives in Alaska (Rupp et al. 2016), and (3) a fire suppression routine to investigate how increasing 
fire suppression through altering fire management planning options (FMPO) may influence the extent and frequency of 
wildfire activity in Interior Alaska (Breen et al. 2016, Figure 3.3.2-2). 

Simulations of the dynamics of wildfire and vegetation succession for historical (1950-2009) and future (2010-2100) 
time periods across the IEM domain driven by the two bounding CMIP3 models and A1B scenario were conducted. Fire 
frequency and area burned have increased in recent years across Alaska and northwest Canada, and the trend is projected 
to continue for the rest of the century for both climate models. The boreal region is projected to see the highest increase 
in fire activities, and likewise late successional vegetation in the region, such as spruce forest, was projected to decline, 
whereas early to mid-successional vegetation, such as deciduous forest, was projected to increase. In tundra regions, shrub 
tundra is generally projected to increase and graminoid tundra to decrease.

3.3.3. NEXT STEPS

In the next phase of the IEM project, we will drive ALFRESCO with the new generation of Global Circulation Models 
(GCMs) and projections (CMIP5; IPCC 2013) to generate next generation fully coupled IEM results. This requires 
calibration and other technical tasks to upgrade from the previous generation of GCMs. We will also add new IEM 
functionality via an herbivory and vegetation dynamics module in ALFRESCO, focused on caribou and moose. 
ALFRESCO has been used to study herbivory and vegetation dynamics in the past, although not recently. There is a need 
to consider how these processes should be incorporated into the IEM as tundra herbivory, particularly by reindeer and 
caribou, has been shown to counteract climatically induced encroachment of trees and shrubs in tundra; the impact can be 
strong enough to cause transitions between vegetation states in these ecosystems.
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Figure 3.3.2-1. ALFRESCO model outputs showing projected changes for treeline in the tundra regions of Alaska.  The 
figure shows tundra pixels that converted to forest by 2100 in blue. The Circumpolar Arctic Vegetation Mapped treeline is 
also shown for comparison (CAVM Team 2003).
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Figure 3.3.2-2. Cumulative area burned during the historical (1950-2009) and projected (2010-2100) periods for the Up-
per Tanana Hydrological Basin in Interior Alaska. Model results are presented for fire management scenarios driven by the 
NCAR-CCSM4 and MRI-CGCM3 AR5 GCMs for the RCP 8.5 scenario. Data presented are means and shading indicates 
results from 200 model replicates. Results suggest changing FMPO (fire management planning options) from the status quo 
(mostly Limited protection) to Full protection led to an increase in the number of fires, but a decrease in the total area 
burned through 2100 (Breen 2016).
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3.4. ECOSYSTEM CARBON 
DYNAMICS & ENERGY BALANCE

3.4.1. PROPOSED ACTIVITIES
We proposed to evaluate the impact of wildfire and vegetation dynamics on biogeochemical and biophysical feedbacks 
across Alaska and Northwestern Canada in response to changing climate. The biogeochemical feedback was estimated 
by quantifying ecosystem carbon balance, i.e., the dynamics of the main ecosystem carbon fluxes and how they impacts 
vegetation and soil C stocks. Changes in vegetation carbon stocks were estimated as the net result of the carbon gain from 
vegetation productivity (net primary productivity, NPP) and the carbon losses from litterfall and fire emissions. Changes 
in soil carbon stocks were estimated as the net result of the carbon gained from vegetation litterfall and the carbon loss 
from heterotrophic respiration, fire emissions and methane emissions. The biogeophysical feedback was estimated by 
quantifying the seasonal dynamics of atmospheric heating for each vegetation type. Atmospheric heating, which represents 
the changes in radiation that are absorbed by the atmosphere, was estimated by multiplying incoming solar irradiance by 
the proportion of incoming irradiance that is absorbed by the land surface times the proportion that is transferred to the 
atmosphere (Chapin et al. 2005, Euskirchen et al. 2007, Euskirchen et al. 2016).

3.4.2. PROGRESS
Carbon and atmospheric heating assessments were based on simulations from DOS-TEM and ALFRESCO. DOS-TEM 
simulated snow and active layer dynamics, carbon and nitrogen pools, and fluxes between soil, vegetation and the 
atmosphere. The model framework was developed to better represent the effect of wildfire on both tundra (Breen et al. in 
prep.) and boreal (Genet et al. 2013) ecosystems. Biogeophysical and biogeochemical processes were assessed at different 
spatial resolution. Carbon dynamics were simulated by DOS-TEM at a 1-km resolution, with a dynamic climate and 
fire regime, and static vegetation composition (Figure 3.4.2-1, Genet et al. 2016; He et al. 2016). Changes in atmospheric 
heating were estimated for each Landscape Conservation Cooperative region in the IEM domain along with dynamic 
climate, fire regime and vegetation composition. Atmospheric heating was estimated using snow cover from DOS-TEM, 
and fire and vegetation dynamics from ALFRESCO (Figure 3.4.2-2, Euskirchen et al. 2016).

With mutual support from the USGS Alaska Land Carbon project, projections of carbon dynamics were produced 
for 4 additional climate scenarios (CCCMA-CGCM3.1(T47) and MPI-ECHAM5/MPI-OM for emission scenarios B1 
and A2).  DOS-TEM was coupled with the Methane Dynamic Module (MDM)of TEM (Zhuang et al. 2004) to assess 
methane production from wetlands using a new wetland map based on National Wetland Inventory data (He et al. 2016). 
Additionally, an attribution analysis was conducted to evaluate the relative effect of atmospheric CO2 fertilization, change 
in climate, and change in fire regime on the ecosystem carbon balance (Genet et al. in preparation). The model outputs 
have been evaluated by comparing historical simulation of vegetation carbon stocks with vegetation biomass estimates 
provided by the Cooperative Alaska Forest Inventory (Malone et al. 2009) and the Long Term Ecological Research Sites 
in Bonanza Creek (http://www.lter.uaf.edu/) and Toolik Lake (http://toolik.alaska.edu/). Soil carbon stocks were validated 
by comparing historical simulations with soil carbon stocks estimated from soil pedons and provided by the National Soil 
Carbon Network (http://iscn.fluxdata.org/). The results of the model validation are available in the USGS Land Carbon 
Assessment Report for Alaska (Zhou et al. 2016, Chapter 6).

3.4.3. NEXT STEPS
In the next phase of the IEM, DVM-DOS-TEM will be applied to simulate successional changes in land cover transitions 
associated with fire and thermokarst disturbances. This version of TEM requires that new sets of parameterizations be 
developed for the main vegetation communities present in Alaska and Northwestern Canada (i.e. shrub, tussock, wet sedge 
and heath tundra, black spruce, white spruce and deciduous forest, collapse scar bog and fen, upland and lowland maritime 
forest, maritime fen and alder shrubland). Finally, recent data collected on the effect of fire in tundra and boreal ecosystems 
will be used in DVM-DOS-TEM to improve its capacity to represent the spatio-temporal patterns of biogeochemical and 
biogeophysical processes. Currently, the predictive model of fire severity in TEM is based on field observations collected in 
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boreal black spruce forest and a single tussock tundra fire (the 2007 Anaktuvuk River fire). Additional data collected on the 
effect of fire in other types of ecosystem will be analyzed and integrated into the model. The effect of this integration will be 
evaluated by comparing the spatial and temporal patterns of the effects of fire between one-way and two-way couplings of 
the model with ALFRESCO. 

Figure 3.4.2-1. Carbon balance summary for the IEM spatial extent for a) the end of the historical period (2000-2009), b) 
the end of the projected period (2090-2099) for the CCCMA, and c) the ECHAM5 scenarios, and d) Combined soil and 
vegetation carbon stocks averaged between CCCMA and ECHAM5 scenarios by 2099. Abbreviations: NPP= vegetation net 
primary productivity, Fire= fire emission from the vegetation and the soil, RH= heterotrophic respiration, Litter= litterfall, 
ΔVEGC= change in vegetation carbon stocks, ΔSOILC+DWD= changes in carbon stocks in the soil (organic and mineral 
layers) and dead woody debris. The model simulations indicate that the IEM region was a small sink for carbon during the 
historical time period and becomes a much stronger sink for carbon in the future.
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Figure 3.4.2-2. Changes in atmospheric heating over the IEM domain (2010 – 2099, W m-2 decade-1) due to changes in 
vegetation cover and the snow season duration for the a) CCCMA scenario and b) ECHAM scenario. Error bars represent 
standard error. These results indicate that changes in snow cover duration, including both the timing of snowmelt in the spring 
and snow return in the fall, provided the dominant positive biogeophysical feedback to climate across all LCCs, and were 
greater for the ECHAM (+3.0 W m-2 decade-1 regionally) compared to the CCCMA (+1.3 W m-2 decade-1 regionally) 
scenario due to an increase in loss of snow cover in the ECHAM scenario. The greatest overall negative feedback to climate 
from changes in vegetation cover was due to fire in spruce forests in the Northwest Boreal LCC and fire in shrub tundra in 
the Western LCC (-0.3 W m-2 decade-1 in both of these LCCs).
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3.5. PERMAFROST DYNAMICS: 
REGION-WIDE MODELING RESEARCH

3.5.1. PROPOSED ACTIVITIES

The GIPL model was developed specifically to assess the effect of a changing climate, vegetation succession, and vegetation 
migration on permafrost (Marchenko et al. 2008, Nicolsky et al. 2009, Jafarov et al. 2012). The GIPL model simulates soil 
temperature dynamics and the depth of seasonal freezing and thawing by solving the non-linear heat equation numerically 
without loss of latent heat effects in the phase transition zone. In this model, the process of soil freezing and thawing 
is occurring in accordance with frozen and unfrozen water content and soil thermal properties, which are specific for 
each soil layer and each geographical location. The time-step of GIPL model is daily. After a hundred-year spin-up, soil 
temperature is fully stabilized at the vast majority of points. Inclusion of a deeper soil column down to 100 m (Figure 3.5.2-
1) significant improves simulations of permafrost and active layer dynamics due to the thermal inertia from a deep heat 
sink in the soil. Our primary objective for the regional simulations of GIPL conducted in this phase of the IEM project was 
to drive the model with input data sets derived from simulations of DOS-TEM over the entire IEM domain. These spatial 
datasets included snow depth, organic horizon thickness, soil thermal properties, and seasonal soil water variability.

3.5.2. PROGRESS

We estimated the dynamics of permafrost temperature and active layer 
thickness for historical (1901-2009) and future (2010-2100) time periods 
across the IEM domain. Simulations of future changes in permafrost 
indicate that, by the end of the 21st century, late-Holocene permafrost 
in Alaska and Northwest Canada will be actively thawing at all locations 
and that even some Late Pleistocene permafrost will begin to thaw at 
some locations. Modeling results also indicate how different types of 
ecosystems and fire disturbances affect the thermal state of permafrost 
and their stability. Although the rate of soil warming and permafrost 
degradation in peatland areas are slower than other areas, a considerable 
volume of peat in Alaska and Northwest Canada will be thawed by the 
end of the current century (Figure 3.5.2-2). The net effect of this thawing 
strongly depends on soil moisture dynamics, fire severity, presence or 
absence of organic matter, and surface vegetation.

3.5.3. NEXT STEPS

In the next phase of the IEM project, the individual models will be linked 
cyclically, which allows data to be exchanged with GIPL at monthly time 
steps. Our primary focus with GIPL in the next phase will be to work on 
the details of the cyclical linkage of GIPL with DVM-DOS-TEM.

Figure 3.5.2-1. Soil column showing the horizons used for GIPL permafrost 
dynamics simulation. MOSSDZ - thickness of the moss layer, SHLWDZ 
- thickness of the fibric organic layer, DEEPDZ - thickness of the humic or-
ganic layer, MINETOP - top mineral layer is 0.25 m thick from the bottom 
of the organic layer, MINEBOT - bottom mineral layer is 4.75 m thick from 
the bottom of the top mineral layer, SILT – 40 m thick and BEDROCK – 
55 m thick are additional layers. The total depth of the soil column is 100 
m with no organic layers.
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Figure 3.5.2-2. The mean annual soil temperature simulated by GIPL at 1 m depth, using historical and a future climate sce-
nario (CCCMA-CGCM3.1 A1B) as climate forcing, and DOS-TEM output for subsurface parametrization. Results for various 
time snapshots are shown: 1950 (top left), 2000 (top right), 2050 (bottom left) and 2100 (bottom right).
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3.6. PERMAFROST DYNAMICS: INFRASTRUCTURE 
MODELING RESEARCH IN NORTHERN ALASKA

3.6.1. PROPOSED ACTIVITIES

To understand how the potential changes in permafrost will affect infrastructure on local and regional scales, we modeled 
the ground temperature dynamics using the RCP 4.5 and 8.5 scenarios for disturbed ground conditions. In particular, 
we considered the placement of gravel pads of different thicknesses onto the ground surface. These experiments provide 
information on the degree of vulnerability of different parts of the North Slope to such disturbances. 

3.6.2. PROGRESS

For this study, we enhanced the Geophysical Institute Permafrost Laboratory module and developed several high spatial 
resolution scenarios of changes in permafrost characteristics in the Alaskan Arctic in response to observed and projected 
climate change. The ground thermal properties of surface vegetation and the soil column were up-scaled using the 
Ecosystems of Northern Alaska map with a spatial resolution of 30 meters (Jorgenson and Heiner, 2004; Jorgenson et al., 
2014). The assignment of ecosystem types provides a spatial decomposition of the study area with respect to hydrologic, 
pedologic, ground vegetation characteristics, and physical properties of the ground material. The ground thermal 
properties for each ecotype were recovered by assimilating temperature and snow measurement collected at the 12 GIPL 
and 16 U.S. Geological Survey (USGS) shallow boreholes (1–1.2 m in depth) throughout the North Slope region. The 
quality of the recovered ground properties was assessed by modeling the active layer thickness (ALT) at 22 Circumpolar 
Active Layer Monitoring (CALM) sites, as shown in Figure 3.6.3-1b. Generally, the modeling results agree very well with 
the observations. We employed a monthly averaged CRU TS3.1 dataset (Harris et al., 2014) downscaled by the Scenarios 
Network for Alaska and Arctic Planning (SNAP) group to a 770-m resolution. For the future modeling runs with the IPCC 
RCP 4.5 and 8.5 scenarios (Moss et al., 2008), we used an average composed of downscaled monthly averaged outputs of 
five GCMs (NCAR-CCSM4, GFDL-CM3, GISS-E2R, IPSL-CM5A-LR, and MRI-CGCM3) that optimally performs for 
Alaska (Walsh et al., 2008).

The model projected 
the mean annual 
ground temperature 
(MAGT), active layer 
thickness (ALT), and 
talik thickness into the 
future for RCP 4.5 and 
8.5 scenarios. Taliks 
are unfrozen soil 
horizons between the 
bottom of the active 
layer and the top of the 
permafrost table. For 
the RCP 8.5 scenario, 
we find that ALT, up 
to 0.5 m (on average, 
in 2000) increases 
by a factor of two by 
2050. From 2050 to 
2100, according to 
the RCP 8.5 scenario, 

Figure 3.6.2-1. Comparison of the mean modeled and observed MAGT (A) and ALT (B) at the 
sites within the study region. Each rectangle is associated with the site, where the measurements 
are available.
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ALT continues to increase and wide spread taliks start to form in the Alaska North Slope region, as illustrated in Figure 
3.6.2-2. On the other hand, for the RCP 4.5 scenario, the current model predicts only a modest increase in the near-surface 
permafrost temperatures and a limited degradation of the near-surface permafrost in the Alaska North Slope region. 
The model allows stakeholders to assess the impact of climate warming of existing or to-be-developed infrastructure for 
possible mitigation of an increase in maintenance expenses. To illustrate this capability, we modeled a potential increase in 
taliks for gravel pads with thickness of 0.6 m (2 ft), 1.2 m (4 ft) and 1.8 m (6 ft), as shown in Figure 3.6.2-3. We emphasize 
that the development of taliks in undisturbed conditions (the last row in Figure 3.6.2-2) will have serious implications for 
ecosystems, hydrology, and animal habitats, all of which will impact subsistence lifestyles, while the development of taliks 
under the gravel pads will impact infrastructure and increase maintenances expenses.

3.6.3. NEXT STEPS

In the coming year, we will further experiment with the developed model (a paper has been submitted to the Journal of 
Geophysical Research) and will conduct simulations to estimate the impacts of various changes in ground conditions, e.g. 
an increase in the future vegetation cover, changes in snow precipitation, and gravel pads with styrofoam insulation. We 
also plan to develop maps of potential subsidence due to the thawing of ice complexes.
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Figure 3.6.2-2. Maps of the modeled ALT and talik distributions for the RCP 4.5 (left) and RCP 8.5 (right) scenarios. The year 
is stated at the top right corner of each plot. The results for the RCP 4.5 and 8.5 scenarios illustrate a drastic difference in 
the future near-surface ground temperature regimes in 2050s and 2090s. For the RCP 8.5 scenario, we find that ALT, up to 
0.5 m on average in 2000 increases by a factor of two by 2050. From 2050 to 2100, according to the RCP 8.5 scenario, ALT 
continues to increase and wide spread taliks starts to form in the Alaska North Slope region.
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Figure 3.6.2-3. Modeled thickness of taliks under the hypothetical gravel pads constructed in the North Slope region in 2015 
for RCP 4.5 (left) and RCP 8.5 (right) scenarios; the gravel pad thickness is stated in the lower right corner of each plot. 
Development of the taliks will have serious implications for human activities (infrastructure on the gravel pads). Placements of 
1.8 m thick gravel pads (the last row) can help to mitigate an impact of the future climate warming along the Arctic shore by 
limiting development of the taliks under such gravel pads.
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3.7. THERMOKARST 
DYNAMICS

The development of a thermokarst model capable of predicting landscape-level dynamics of thermokarst disturbance 
across the IEM domain was a major research effort in this phase of the IEM project. Landscape-level thermokarst 
dynamics were deemed to be important for the following reasons: 1) subsidence associated with the thawing of ice-rich 
permafrost can result in substantial changes in vegetation and habitat; and 2) thermokarst disturbance is closely tied to 
the distribution of wetland complexes, a common feature within the IEM model domain. Changes to the structure and 
function of wetlands has the potential to affect animal species that depend on these wetland complexes. To our knowledge, 
no large-scale model has been developed to predict landscape evolution in a thermokarst susceptible environment. Because 
lowland thermokast processes affect landscape evolution differently in tundra landscapes with massive ice wedges than 
in boreal landscapes with ice-rich silt, there is need to separately develop modules for these different landscape evolution 
contexts. Here we describe four components of the thermokarst dynamics research in this phase of the IEM project: (1) 
the general development of the ATM in the context of the IEM, (2) the development of the tundra module of the ATM, 
the development of land cover for the arctic coastal plain to be used to drive the tundra module of the ATM, and (4) the 
development of the boreal module of the ATM. 

3.7.1. ALASKA THERMOKARST MODEL DEVELOPMENT

3.7.1.1. PROPOSED ACTIVITIES

The primary goal of the thermokarst research for this phase 
of the IEM project was to develop a model (the ATM) to 
track transitions among thermokarst and non-thermokarst 
landscape units. The ATM is intended to inform resource 
managers on potential changes in landscape and habitat due 
to changes in climate/thermokarst and to provide feedback to 
the IEM model of changes in the landscape that would affect 
hydrologic, ecologic and biogeochemical processes. The ATM 
has been designed as a stand-alone prototype model and will 
be coupled into the IEM framework during the next phase of 
the project. 

3.7.1.2. PROGRESS

We have made progress on two activities: (1) the 
development of a thermokarst predisposition/susceptibility 
model to help define the proportion of the landscape 
potentially susceptible to permafrost disturbance (Figure 
3.7.1.2-1, available at http://ckan.snap.uaf.edu/is/dataset/thermokarst-formation), and (2) the development of the Alaska 
Thermokarst Model (ATM) for application in Alaska and northwest Canada to predict how the landscape evolves due to 
thermokarst disturbance associated with climate change. The ATM uses a frame-based methodology to track transitions 
among landscape units. Specifically, this methodology uses a logical rule set to calculate the probability that a landscape 
unit will remain in its current state or transition to a new landscape unit.  The set of rules in this framework have been 
developed from literature review and expert assessment to represent the environmental drivers of thermokarst formation 
in the arctic (see sections 3.7.2 and 3.7.3 below)and the boreal regions (see section 3.7.4 below) separately.
These sets of rules have been converted into a functional, modular python (computer language) code written to handle 
input data (as geotiffs) on climate, fire regime, land cover distribution, permafrost distribution and active layer depth, and 
soil characteristics. The ATM currently operates in a stand-alone model, but has been designed to be readily coupled into 
the existing IEM framework, i.e. the I/O from ATM matches the data definition, unit and resolution currently in use in the 

Figure 3.7.1.2-1. Map quantifying the proportion of the land-
scape predisposed (i.e., susceptible) to thermokarst distur-
bance at a 1-km resolution across the IEM spatial domain. 
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IEM Framework.  The development version of the ATM code is publicly available (https://github.com/ua-snap/atm). The 
model is currently being tested in the Barrow Peninsula in the arctic region, and in the Yukon Flats and the Tanana Flats 
in the boreal region. For these test areas, new land cover maps have been developed and will be used to initialize model 
simulations.  

3.7.1.3 NEXT STEPS

In the next phase of the IEM project, the ATM will be applied outside of the original test areas, in all Interior Alaska 
and the entire Arctic Coastal Plain. The ATM will also be dynamically coupled to the IEM framework to represent 
the effect of thermokarst dynamics on hydrology, vegetation composition, permafrost dynamics, and biogeochemical 
and biogeophysical processes. Information on fire regime and land cover distribution will be provided by ALFRESCO. 
Information on permafrost and active layer depth will be provided by GIPL. Soil structure information will be provided 
by DVM-DOS-TEM.  The outputs generated by the model provides information on an annual basis about land cover 
composition and age distribution within a 1km-resolution grid (Figure 3.7.1.3-1). Using historical climate data (1901-2009) 
to drive the model, we will evaluate and validate the ATM through comparison of simulated rates of land cover change to 
estimated rates of land cover change derived through field studies and remote sensing analyses.

3.7.2. ARCTIC TUNDRA THERMOKARST DYNAMICS

3.7.2.1. PROPOSED ACTIVITIES

Many Arctic Coastal Plain bird species depend on the availability of open water. Small changes in the landscape, caused 
by the degradation of ice-wedge polygons, can impact the landscape’s ability to retain water (Liljedahl et al., 2012). To help 
predict potential changes in the availability of open water, the development and application of a landscape evolution model 
that tracks thermokarst transitions due to ice-wedge degradation in the arctic tundra environment was proposed for this 
phase of the IEM project.  The Barrow Peninsula was selected as the study area to build and test the arctic tundra module 
of the ATM.

3.7.2.2. PROGRESS

The arctic tundra module of the ATM is designed to track landscape positions associated with the ice-wedge polygon 
development and degradation within wetland tundra, graminoid tundra, and shrub tundra ecotypes (Figure 3.7.2.2-1). 
In our conceptualization and implementation of landscape evolution in the arctic tundra environment, the thermokarst 
process is initiated when the active layer (the thin soil layer that seasonally freezes and thaws above permafrost) increases 
beyond the protective layer (the seasonally maximum depth of the active layer, which acts as a buffer between surface 
processes and permafrost) and taps into ice-rich soils.  The thawing of permafrost can result in thermokarst pits, the 
transition from non-polygonal ground to high centered polygons, and lake (shallow or deep) formation. The distinction 
between shallow and deep lakes is determined by the presence or absence of liquid water throughout the year (shallow 

Figure 3.7.1.3-1. The proposed interactions between the IEM components (left panel) and the ATM (right panel). Currently, 
the ATM is a stand-alone model (indicated by dashed lines) and has a simplified representation of processes and variables 
that will provided to the ATM by the IEM. When coupled, the ATM will receive information on vegetation type, soil structure, 
thaw depth and permafrost dynamics. The ATM will provide landscape information (position, age, and size of landform) to the 
IEM.
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lakes completely freeze to the bottom while deep lakes 
have some fraction of liquid water throughout the winter 
period).  

The infrastructure (computer coding that simulate 
transitions between 15 distinct landscape types ) for the 
ATM has been developed for the Barrow Peninsula. After 
completion of the initial coding, the following events led 
to a substantial reworking of the ATM: 1) In October 
2015, the ATM was presented at a webinar hosted by 
the Arctic LCC and included a number of participants 
from the USFWS and USGS Alaska Science Center. The 
discussion following the webinar led to the decision 
to expand the landscape types to distinguish small, 
medium, and large lakes (lake size is an important factor 
in bird habitat models); 2) the Lara et al. (2014) paper 
showed relative age to be an important factor in the rate 
of change of landscapes with younger landforms evolving 
more quickly than older landforms. As a result, we also 
decided to include the relative age (young, medium, 
old) of the landscape types; and 3) the work completed 
as part of the Arctic Landcover Project (described in 
section 3.7.3 below) included a number of additional 
landscape types beyond the those resulting from ice-
wedge degradation on the Barrow Peninsula. As the 
spatial domain of the Arctic Landcover Project includes 
the Barrow Peninsula, the decision was made use the 
Barrow Peninsula as the test region for the arctic module of the ATM using the landcover types that were produced for the 
Arctic Landcover Project to avoid duplication of effort. The combined effect of these three events as well as consultation 
with the Arctic LCC about the number of landscape types needed to effectively represent heterogeneity in bird habitat has 
led to an expansion from 15 landscape types to 43 distinct landscape types. While the number of landcover types has been 
expanded, our focus remains on simulation of landscape evolution resulting from aggradation/degradation of ice-wedge 
polygons and adequately validating the model in this context.

3.7.2.3. NEXT STEPS

In the next phase of the IEM project, the infrastructure of the arctic module of the ATM will be completed and assessed 
in the Barrow Peninsula area (including both terrestrial changes and lake expansion/drainage events) from existing field 
studies and analyses of historical remote sensing data. Scenario simulations will then be conducted for the Arctic Coastal 
Plain (using the same domain area described in section 3.7.3 below). 

3.7.3. ARCTIC LAND COVER PROJECT

3.7.3.1. PROPOSED ACTIVITIES

Historically, due to technical remote sensing challenges and data limitations, nearly all polygonal tundra geomorphology 
or patterned ground maps in arctic regions are manually delineated for small study regions. Therefore, little is known 
about the spatial distribution of polygonal tundra geomorphology, which is highly vulnerable to change associated 
with thermokarst related processes across. In this initiative, we sought to create and validate the first polygonal tundra 
geomorphology map for the Arctic

Coastal Plain of Alaska, at a spatial resolution of 30 x 30 meters, which would represent the first fully automated approach 
for characterizing the spatial patterns of polygonal tundra geomorphology in arctic tundra ecosystems. This product is 
essential for the arctic ATM which will initialize land cover distribution and facilitate state transitions in the ATM between 
terrestrial ecotypes (see earlier section 3.7.2.2 and earlier Figure 3.7.2.2-1). 

Figure 3.7.2.2-1. Arctic tundra thermokarst frame. The three 
major arctic tundra terrestrial ecotypes – wetland tundra, gram-
inoid tundra, and shrub tundra – as well as the lake ecotypes 
are presented in square boxes. The processes that would lead to 
shifts between these ecotypes are indicated with the connecting 
arrows. Within each of the terrestrial ecotype boxes, the land-
scape position and sequence of changes due to thermokarst are 
shown.
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3.7.3.2. PROGRESS

We mosaicked twelve LandSat-8 satellite images taken during the summer of 2014, which were used in an object based 
image analysis to classify the landscape. We mapped seventeen of the most dominant geomorphic land cover classes on 
the Arctic Coastal Plain: (1) Coastal saline waters, (2) Large lakes, (3) Medium lakes, (4) Small lakes, (5) Ponds, (6) Rivers, 
(7) Meadows, (8) Coalescent low-center polygons, (9) Low-center polygons, (10) Flat-center polygons, (11) High-center 
polygons, (12) Drained slope, (13) Sandy barrens, (14) Sand dunes, (15) Riparian shrub, (16) Ice, and (17) Urban (i.e. 
towns and roads). Mapped products were validated with an array of oblique aerial/ground based photography (Jorgenson 
et al., 2011) and 249 high resolution SPOT-5 images covering >80% of the ACP. We used a stratified random sampling 
accuracy assessment design, where peaty and sandy lowlands contained 700 and 300 reference sites, respectively. Overall 
map accuracy was 76% and Cohen’s Kappa coefficient was 0.73. The Alaskan Arctic Coastal Plain Geomorphology map 
(Figure 3.7.3.2-1) estimates high center polygons, low center polygons, and Lakes, to be the most dominant land cover 
types on the ACP, representing 32, 21, and 13%, respectively.

3.7.3.3. NEXT STEPS

As highlighted earlier in section 3.7.2.3, in the next phase of the IEM project, subsections of this map (i.e. Barrow 
Peninsula) will be used to refine ATM processes and development and will then be used in scenario simulations that will be 
conducted for the Arctic Coastal Plain.

3.7.4. BOREAL FOREST THERMOKARST DYNAMICS

3.7.4.1. PROPOSED ACTIVITIES

The development, testing and application of a predictive model of thermokarst dynamics for the boreal region was 
proposed for this phase of the IEM project. This model has been designed to simulate vegetation dynamics associated 

 

Figure 3.7.3.2-1. Alaskan Arctic Coastal Plain Geomorphology Map was created at 30 x 30 m spatial resolution. Panels A-E 
are regionally enlarged subsections of the ACP spanning ecoregions from east to west and representing both Arctic Peaty 
Lowlands and Arctic Sandy Lowlands. Map products are projected on a 600 m Digital Elevation Model. 
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with the lateral thaw of permafrost 
plateaus and will be applied in 
Interior Alaska and the boreal region 
of Northwestern Canada to assess 
thermokarst dynamics in response to 
historical and project climate change. 
The consequences of thermokarst 
disturbance on ecosystem structure 
and function will be evaluated by 
integrating the ATM into the IEM 
framework.

3.7.4.2. PROGRESS

The thermokarst model for the boreal 
region represents the environmental 
drivers triggering the development 
of three main thermokarst features 
commonly found in boreal regions 
(Jorgenson et al. 2001): thermokarst 
lakes, collapse scar bogs, and 
collapse scar fens (Figure 3.7.4.2-1a). 
Thermokarst dynamics are driven by a 
set of rules (one set for each land cover 
type) representing the effect of climate, 
active layer dynamic, fire regime, 
hydrology, vegetation composition 
and age, soil texture and geology and 
permafrost ice content on the timing 
and rate of thermokarst formation as 
well as the type of landscape transition 
that could occur (see example in 
Figure 3.7.4.2-1b).  
Model formulation and 
parameterization has been based on 
literature review (e.g. Roach et al. 
2013, Jorgenson et al. 2005) and a new 
repeated imagery analysis conducted 
in the Tanana Flats documenting how thermokarst-driven transitions have been accelerating over the past four decades 
and what environmental drivers are triggering permafrost lateral degradation (Lara et al. 2016).

To initialize model simulations, new land cover maps have been developed from a cross walk with the 2001 land cover 
map from the National Land Cover Database (Figure 3.7.4.2-2, Homer et al. 2007) to explicitly locate the land cover types 
defined in the ATM (shrubland, deciduous and evergreen permafrost plateau, lake, bog and fen).  

3.7.4.3. NEXT STEPS

As part of the next phase of the IEM project, ATM simulations for the boreal region will be validated using existing and 
new repeat imagery analysis quantifying historical land cover change in Interior Alaska and Northwestern Canada. 
The model is currently being applied in the two test-areas selected for the boreal region, i.e. the Yukon Flats and the Tanana 
Flats, for the historical period [1950-2009] and projections from 2010 to 2099, using the new climate datasets generated by 
the data group (see section 3.1). 

Once the ATM is coupled with the IEM framework, the model will also be applied across the entire boreal region of the 

Figure 3.7.4.2-1. (a) Diagram representing the land cover trajectories associated 
with thermokarst disturbance in the ATM for the boreal region, (b) set of rules 
associated with lateral thaw of permafrost plateau forest.

a.

b.
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IEM domain. The effect of thermokarst disturbance on the regional fire regime and carbon balance will be evaluated by 
comparing model outputs with simulations of the IEM framework in which thermokarst disturbance was not represented. 
Finally, we will develop and apply a resource impact model to assess how thermokarst dynamics affects wildlife habitat in 
boreal regions. This last activity will be primarily supported by a USGS-funded project in the Yukon Flats.

Figure 3.7.4.2-2. New land cover map used for initialization of the ATM simulations in the two test areas, a) the Tanana Flats 
and b) the Yukon Flats.

a.

b.
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3.8.1. PROPOSED ACTIVITIES

We continued our collaboration with Dr. Waldrop’s (USGS Menlo Park) field program studying wetland dynamics. These 
field studies consist of conducting flux scaling studies at the Alaska Peatland Experiment (APEX), where work has been 
ongoing since 2005. These studies have been conducted to support the wetland dynamics modeling research (see section 
3.9 below).

3.8.2. PROGRESS

The data from eddy covariance flux towers examining seasonal and interannual controls of carbon, water, and energy 
fluxes across a range of permafrost conditions (Euskirchen et al., 2014), combined with continued studies of nitrogen (N) 
availability (Finger et al., 2016), and water table manipulations (Olefeldt et al., in review), has provided new information on 
scaling, sources of carbon dioxide (CO2) and methane (CH4) flux, and edaphic and biotic controls on wetland processes. 
Data from the eddy covariance sites indicate that the net ecosystem exchange (NEE) of a rich fen, thermokarst collapse 
scar bog, and black spruce forest is sensitive to hot, dry conditions (Euskirchen et al., 2014). We find large amounts of 
interannual variability in net ecosystem exchange at the thermokarst collapse scar bog, ranging from a source of 126 g 
C m-2 in 2014 to a sink of -83 g C m-2 in 2012 (Figure 3.8.2-1). Methane emissions varied across the sites, with largest 
emissions of CH4 in the rich fen and collapse scar bog and little from the black spruce forest (Figure 3.8.2-2). Studies of N 
availability indicate that the conversion of forest to wetlands associated with permafrost thaw in boreal lowlands increases 
N availability, at least in part by increasing turnover of deep soil organic matter (Finger et al., 2016). Long-term carbon flux 
data from water table manipulations at the rich fen suggests that there are lag effects of droughts seen in a treatment with 
a lower water table: GPP, ER and NEE remained suppressed in wet years following prolonged droughts (Olefeldt et al., in 
review).

3.8.3. NEXT STEPS

We will continue to measure carbon, water, and energy fluxes and their response to changing climatic conditions at the 
boreal APEX sites. We will also continue to investigate how changes in N availability with permafrost thaw may influence 
ecosystem dynamics at these sites. We will explore the possibility of installing an additional eddy covariance flux tower 
at an older permafrost collapse scar bog than the one that we are currently measuring to further understand how carbon, 
water, and energy fluxes change with time since thaw.

3.8. WETLAND DYNAMICS: 
FIELD-BASED RESEARCH
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Figure 3.8.2-1. Cumulative NEE at the thermokarst collapse scar bog from 2011 – 2015. 

Figure 3.8.2.-2. Methane emissions across the rich fen, thermokarst collapse scar bog and black spruce forest. 
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3.9. WETLAND DYNAMICS: 
MODEL-BASED RESEARCH

3.9.1. PROPOSED ACTIVITIES

The goal of the model-based research of the wetland dynamics activity was to model the biogeochemical and successional 
dynamics of wetland types in Alaska. This research is based, in part, on the field studies described in section 3.8.

3.9.2. PROGRESS

We primarily focused on modeling the biogeochemical dynamics of two wetland types being studied as part of the field-
based research component of the wetland dynamics activity (see section 3.8 above): (1) collapse-scar fens and (2) collapse-
scar bogs. The primary tool we developed as part of this activity was peatland DOS-TEM (PDOS-TEM), which built upon 
the version of DOS-TEM that we had developed in previous phase of the IEM project (Yuan et al. 2012). This required 
adding a peatland organic carbon module to DOS-TEM (Figure 3.9.2-1).  This module tracks water table so that aerobic 
biogeochemical processes occur above the water table and anaerobic biogeochemical processes occur below the water table. 
After developing and integrating this module into PDOS-TEM, we applied the model to synthesize the results of a field 
water table manipulation experiment that was conducted in a boreal rich fen to understand how soil organic carbon and 
soil CO2 and CH4 fluxes might respond to projected climate change. Our approach was to calibrate the model based on 
data from the control treatment of the manipulation experiment, and to assess the model based on the data from two 
experimental treatments, including raised and lowered water table manipulations. The model was then used to simulate 
soil organic carbon (SOC) dynamics (i.e., C inputs into the soil, CO2 and CH4 exchange with the atmosphere, and changes 
in soil C stocks) of the control treatment under various CO2 emission scenarios (high, midrange, and low emissions). The 
full description of PDOS-TEM and its application to the rich fen is included in Fan et al. (2013). We next parameterized 
and applied the model to the collapse-scar bog being studied in the wetland field program (Mi et al., in preparation). 
Collapse-scar bogs are a type of peatland that are formed by the thaw of permafrost in forested peatlands and subsequent 
subsidence. Comparison with field-based estimates shows that PDOS-TEM performs well in simulating the C fluxes and 
pools of the collapse-scar bog study site. Under future climate and atmospheric CO2 concentration scenarios (2014-2100), 
our analysis indicates that the site will act as carbon sink for CO2 but that CH4 emissions will increase nearly two fold. 
Our analysis of the cumulative radiative forcing indicates that this bog will act to enhance warming by 1.68 to 2.04 W m-2 
between 2014 and 2100 because of the increase in CH4 emissions (Figure 3.9.2-2).

3.9.3. NEXT STEPS

Now that PDOS-TEM has been developed, it needs to be integrated with DVM-DOS-TEM so that it can represent 
individual plant functional types in wetlands. The idea is that PDVM-DOS-TEM will be responsible in the IEM for 
simulating the biogeochemical and successional dynamics of wetlands. This is an important precursor to coupling the 
thermokarst model into the IEM (see Figure 3.7.1.3-1 above).
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Figure 3.9.2-1. Schematic of the peatland organic carbon module in PDOS-TEM.

Figure 3.9.2-2. Changes in cumulative radiative forcing calculated based on the CO2 and CH4 flux predicted by PDOS-TEM 
for a collapse scar bog in interior Alaska, under projected climate and atmospheric CO2 concentration conditions of high 
emission (A2), low emission (B1), and midrange emission (A1B) scenarios from two global circulation models (CCCMA and 
ECHAM5), 2014-2100.
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SECTION 4. 
PRODUCTS

This section documents the products produced by the project 
in the following categories: (1) data sets, (2) publications, and 
(3) presentations at scientific conferences.
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4.1. DATA SETS Definitions of Data Types

The file format of IEM data products varies depending 
on the data type. 
Spatial: GIS data (generally in raster .geotiff format or 
occasionally shape files)
Tables:  A summarization of a metric over specific 
region (generally in .csv format for ease of use in 
spreadsheet or statistical programs).
Graphs:  A time series of a metric across a region 
(generally in .png image file).
Code: Programming code of the models.

Climate Products (e.g., temperature, precipitation, radiation, vapor pressure)

Dataset Name Data Type Description Generation 
Model Output Availability

Projected average monthly 
temperatures, precipitation, 
radiation and vapor pressure

Spatial Downscaled projections of monthly temperature, precipitation, 
radiation and vapor pressure

Gen 1 - AR4 2012

Gen 2 - AR5 2015

Historical average monthly 
temperatures, precipitation, 
radiation and vapor pressure 
(CRU)

Spatial Downscaled projections of monthly temperature, precipitation, 
radiation and vapor pressure from the Climatic Research Unit 
(CRU) at the University of East Anglia time series (TS) datasets

Gen 1 and Gen 2 2012

Ecosystem Dynamics Products (e.g., carbon flux)

Dataset Name Data Type Description Generation 
Model Output Availability

Data from wetland field 
component of the IEM

Spatial 
(Site specific)
Tables 
Graphs

Flux and environmental data collected from autochambers within 
a black spruce forest and thermokarst bog environment at the 
Alaska Peatland Experiment (APEX) within the Bonanza Creek 
Experimental Forest. Data are from 2012-2015.

NA 2016

Carbon fluxes and pools 
(ECHAM5 and CCCMA-A1B 
scenario)

Spatial 
Tables 
Graphs

Model output data related to carbon fluxes (GPP, Net Primary 
Productivity, decomposition, carbon released by fire) and carbon 
pools in soil and vegetation.

Gen 1 - AR4 
DOS-TEM

2016

Gen 1 - AR5 
DVM-DOS-TEM

2016

Gen 2 - AR5 
DVM-DOS-TEM

August 2017 
for Proof of 
Concept

PROJECT DATA DESCRIBED IN 
THE FOLLOWING TABLES ARE 

AVAILABLE AT: 
www.snap.uaf.edu/projects/iem

The models are driven by the MPI-ECHAM5/MPI-OM and CCCMA-CGCM3.1(T47) IPCC Fourth Assessment Report 
(AR4) climate models for the mid-range A1B emissions scenario for the Gen 1 DOS-TEM coupling. For the Gen 1 DVM-
DOS-TEM and Gen 2 couplings, the models are driven by the IPCC Fifth Assessment Report (AR5) NCAR-CCSM4 and 
MRI-CGCM3 climate models focusing on RCP 8.5. Products are provided for the geographic extent of the IEM domain 
and on an annual time-step unless otherwise indicated.
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Disturbance Products (e.g., area burned, burn severity, thermokarst)

Dataset Name Data Type Description Generation 
Model Output Availability

Historical area burned Spatial Historical area burned. 2013
Area burned and burn severity 
(ECHAM5 and CCCMA-A1B 
scenario)

Spatial 
Tables 
Graphs

Model output of area burned and burn severity. Graphs and 
tables showing annual area burned through time.

Gen 1 - AR4 
ALFRESCO

2015

Gen 1 - AR5 
ALFRESCO

December 
2016

Gen 2 - AR5 
ALFRESCO

August 2017 
for Proof of 
Concept

Relative flammability 
(ECHAM5 and CCCMA-A1B 
scenario)

Spatial Derived product depicting relative flammability, which is the 
likelihood of a pixel to burn, summarized for three time periods 
(1900-2100, 1900-1999, and 2000-2099).

Gen 1 - AR4 
ALFRESCO

2015

Gen 1 - AR5 
ALFRESCO

December 
2016

Gen 2 - AR5 
ALFRESCO

August 2017 
for Proof of 
Concept

Potential susceptibility to 
thermokarst

Spatial Modeled data used to identify areas susceptible to thermokarst 
disturbance. Datasets may include contemporary fractional 
coverage of thermokarst/wetland landforms, distance from 
surface to ice rich permafrost, amount of ice in the soil column, 
drainage efficiency (parameter that describes the ability of the 
landscape to store water), and soil water content.

2014

Thermokarst disturbance on 
the Arctic Coastal Plain

Spatial 
Tables 
Graphs

Maps and graphs depicting land cover changes associated with 
thermokarst disturbance on the Arctic Coastal Plain.

ATM April 2017

Thermokarst disturbance on 
the Tanana Flats

Spatial 
Tables 
Graphs

Maps and graphs depicting land cover changes associated with 
thermokarst disturbance on the Tanana Flats.

ATM April 2017

Thermokarst disturbance on 
the Yukon Flats

Spatial 
Tables 
Graphs

Maps and graphs depicting land cover changes associated with 
thermokarst disturbance on the Yukon Flats.

ATM April 2017
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Landcover and Landscape Products (e.g., vegetation type, treeline extent, topography)

Dataset Name Data Type Description Generation 
Model Output Availability

Model input land cover Spatial Model input landcover for the IEM domain. This data layer is a 
greatly modified product derived from the “2005 Land Cover 
of North America at 250 meters, Edition 1.0” dataset produced 
as part of the North America Land Change Monitoring System 
(NALCMS). This data was developed as, and focused solely on, 
model input data requirements, which is a simplification of the 
landscape.

Version 0.2 2012
Version 0.4, 
Southeast and 
Southcentral 
Alaska update

2015

Elevation, aspect, and slope Spatial Modeled elevation (m), aspect, and slope derived from elevation 
data developed by the PRISM climate group and distributed 
by ClimateSource via www.climatesource.com or www.prism.
oregonstate.edu.

2012

Treeline extent (ECHAM5 and 
CCCMA-A1B scenario)

Spatial Derived product depicting projected treeline migration. Gen 1 - AR4 
ALFRESCO

2015

Gen 1 - AR5 
ALFRESCO

December 
2016

Gen 2 - AR5 
ALFRESCO

August 2017 
for Proof of 
Concept

Vegetation distribution 
(ECHAM5 and CCCMA-A1B 
scenario)

Spatial 
Tables 
Graphs

Modeled distribution of six vegetation types (white spruce, black 
spruce, deciduous forest, graminoid tundra, shrub tundra, wetland 
tundra). Graphs and tables showing changes in area of vegetation 
types through time.

Gen 1 - AR4 
ALFRESCO

2015

Gen 1 - AR5 
ALFRESCO

December 
2016

Gen 2 - AR5 
ALFRESCO

August 2017 
for Proof of 
Concept

Relative vegetation change 
(ECHAM5 and CCCMA-A1B 
scenario)

Spatial Derived product depicting relative vegetation change, which is 
the likelihood of a pixel to transition among vegetation classes, 
summarized for three time periods (1900-2100, 1900-1999, and 
2000-2099).

Gen 1 - AR4 
ALFRESCO

2015

Gen 1 - AR5 
ALFRESCO

December 
2016

Gen 2 - AR5 
ALFRESCO

August 2017 
for Proof of 
Concept

Growth dynamics of vegetation 
(ECHAM5 and CCCMA-A1B 
scenario)

Spatial 
Tables 
Graphs

Maps and graphs showing changes in biomass over time of 
different plant functional types within six vegetation types (white 
spruce, black spruce, deciduous forest, graminoid tundra, shrub 
tundra, wetland tundra).

Gen 1 - AR4 
DOS-TEM

2015

Gen 1 - AR5 
DVM-DOS-TEM

May 2017

Gen 2 - AR5 
DVM-DOS-TEM

August 2017 
for Proof of 
Concept

Tanana Flats vegetation map Spatial Model input landcover for the Alaska Thermokarst Model (ATM) 
domain. The developed product is derived from both Landsat 7 
ETM+ and JERS1 satellite imagery, at 30 m resolution.

2015

Barrow Peninsula 
geomorphology map

Spatial Model input landcover for ATM and DVM-DOS-TEM domains. 
The developed product was derived from the following data 
products: Landsat-7 ETM+, Quickbird, and IFSAR/LIDAR Digital 
Elevation Models. Map resolution is at 30 m.

2015

Yukon Flats vegetation map Spatial Model input landcover for the ATM domain. The developed 
product is modified from the National Land Cover Database 
2001 for Alaska, at 30 m resolution.

2016

Arctic Coastal Plain Landcover 
map

Spatial Model input landcover for ATM and DVM-DOS-TEM domains. 
The developed product was derived from the following data 
products: Landsat-7 ETM+, Quickbird, and IFSAR/LIDAR Digital 
Elevation Models. Map resolution is at 30 m.

February 
2017
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Soil Properties Products (e.g., permafrost, active layer, soil temperature)

Dataset Name Data Type Description Generation 
Model Output Availability

Modeled soil characteristics 
used to drive GIPL (ECHAM5 
and CCCMA-A1B scenario)

Spatial 
Tables 
Graphs

Modeled soil-related output data , such as soil moisture and 
organic horizon thickness.

Gen 1 - AR4 
DOS-TEM

2015

Gen 1 - AR5 
DVM-DOS-TEM

May 2017

Gen 2 - AR5 
DVM-DOS-TEM

August 2017 
for Proof of 
Concept

Permafrost distribution 
Active layer thickness 
Mean annual ground 
temperature 
(ECHAM5 and CCCMA-A1B 
scenario)

Spatial 
Tables 
Graphs

Maps and graphs depicting modeled permafrost distribution, 
simulated active layer thickness (m), and simulated mean annual 
ground temperature (°C).

Gen 1 - AR4 
GIPL

2016

Gen 1 - AR5 
GIPL

February 
2017

Gen 2 - AR5 
GIPL

August 2017 
for Proof of 
Concept

Model Code and Documentation Products

Dataset Name Data Type Description Generation 
Model Output Availability

IEM program code Source Code IEM model code and installable Linux packages will be available 
through http://github.com.

Gen 1 December 
2016

Gen 2 August 2017 
for Proof of 
Concept

ATM program code for the 
Arctic Coastal Plain

Source Code ATM source code used for the Barrow Peninsula application will 
be available through http://github.com.

April 2017

ATM program code for the 
Tanana Flats

Source Code ATM source code used for the Barrow Peninsula application will 
be available through http://github.com.

April 2017

ATM program code for the 
Yukon Flats

Source Code ATM source code used for the Barrow Peninsula application will 
be available through http://github.com.

April 2017
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Year Meeting Title Authors

2011 Argonne National Laboratory, 
Chicago, Illinois

DOS-TEM Modeling Perspective. Workshop 
to identify data needs for improving model 
representations of soil carbon responses to climate 
change in permafrost regions

McGuire, A.D. 

2011 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

An assessment of the carbon balance of Arctic 
tundra: Comparisons among observations, process 
models, and atmospheric inversions

McGuire, A.D., T.R. Christensen, D.J. Hayes, A. Heroult, 
J.S. Kimball, C. Koven, P. Lafleur, P. Miller, W.C. Oechel, 
S. Sitch, and M.D. Williams

2011 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Changing sources of respiration between a black 
spruce forest and themokarst bog

Waldrop, M.P., J. McFarland, C.I. Czimczik, E.S. 
Euskirchen, T. Amendolara, G.J. Scott, M.R. Turetsky, 
J.W. Harden, and A.D. McGuire

2011 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Controls on ebullition and methane emissions in 
Alaskan peatlands experiencing permafrost thaw

Klapstein, S.J., M.R. Turetsky, A.D. McGuire, J.W. 
Harden, and J.M. Waddington

2011 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Controls on ecosystem respiration in a peat plateau 
and adjacent collapse formations in interior Alaska

McConnell, A.D. McGuire, J.W. Harden, and M.R. 
Turetsky

2011 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Effects of future warming and fire regime change 
on boreal soil organic horizons and permafrost 
dynamics in interior Alaska

F. Yuan, A.D. McGuire, S. Yi, E.S. Euskirchen, T.S. Rupp, 
A.L. Breen, T. Kurkowski, E.S. Kasischke, and J.W. 
Harden

2011 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Feedbacks between climate, fire severity, and 
differential permafrost degradation in Alaskan black 
spruce forests – implications for carbon cycling

Kasishke, E.S., E.S. Kane, J.A. O’Donnell, N.L. 
Christensen, S.R. Mitchell, M.R. Turetsky, D.J. Hayes, E. 
Hoy, K.M. Barrett, A.D. McGuire, and F. Yuan

2011 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Modeling the production and transport of methane 
in an Alaska rich fen peatland

Fan, Z., A.D. McGuire, J.W. Harden, and M.R. Turetsky

2011 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Quantifying CO2 fluxes across a gradient of 
permafrost in boreal Alaska

Euskirchen, E.S., C. Edgar, M.R. Turetsky, J.W. Harden, 
and A.D. McGuire

2011 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Reconciling estimates of the contemporary North 
American carbon balance among an inventory-
based approach, terrestrial biosphere models, and 
atmospheric inversions

Hayes, D.J., D.P. Turner, G. Stinson, A.D. McGuire, 
Y. Wei, T.O. West, L.S. Heath, B.H. de Jong, B.G. 
McConkey, R. Birdsey, W.A. Kurz, A.R. Jacobson, D.N. 
Huntzinger, Y. Pan, W.M. Post, and R.B. Cook

2011 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

The importance of representing interactions among 
permafrost dynamics, soil warming, and fire in 
modeling soil carbon responses of northern high 
latitude terrestrial ecosystems to climate change

McGuire, A.D. 

2011 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Vulnerability of permafrost carbon research 
coordination network

E.A. Schuur, A.D. McGuire, J. Canadell, J.W. Harden, P. 
Kuhry, V.E. Romanovsky, M.R. Turetsky, and C. Schadel

2011 GreenCyclesII and DEFROST 
Conference on Ocean-Land 
Interactions at High Latitudes. 
Nuuk, Greenland

An assessment of the carbon balance of arctic 
tundra: Comparisons among observations, process 
models, and atmospheric inversions

McGuire, A.D. 

2011 The Third Santa Fe 
Conference on Global and 
Regional Climate Change. 
Santa Fe, NM.

Quantifying CO2 fluxes across gradients of 
permafrost and soil moisture in boreal and arctic 
Alaska

Euskirchen, E.S., M.S. Bret-Harte, C. Edgar, J.W. 
Harden, A.D. McGuire, G. Shaver, M.R. Turetsky

2012 Alaska Cooperative Fish & 
Wildlife Research Unit Annual 
Review. Fairbanks, Alaska

The Alaska Integrated Ecosystem Model Breen, A. L., T. S. Rupp, D. McGuire, V. Romanovsky, E. 
Euskirchen & S. Marchenko

4.3. CONFERENCE 
PRESENTATIONS



53

2012 Annual Meeting of the 
European Geophysical Union. 
Vienna, Austria

Vulnerability of permafrost carbon research 
coordination network

Schädel, C., E.A.G. Schuur, A.D. McGuire, J. Canadell, J. 
Harden, P. Kuhry, V. Romanovsky, and M. Turetsky

2012 Fall Meeting of the American 
Geophysical Union, San 
Francisco, CA

Identification of previously unrecognized tundra fire 
events on the Arctic Slope of Alaska

Jones, B. M., A. Breen, B. Gaglioti, D. H. Mann, M. L. 
Kunz, D. Selkowitz, G. Grosse, C. D. Arp, P. E. Higuera, 
D. Verbyla, V. E. Romanovsky & D. A. Walker.

2012 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Carbon balance and greenhouse gas fluxes in a 
thermokarst bog in interior Alaska: Positive and 
negative feedbacks from permafrost thaw

Waldrop, M.P., J. McFarland, E.S. Euskirchen, M.R. 
Turetsky, J.W. Harden, K. Manies, M. Jones, and A.D. 
McGuire

2012 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Influence of changes in wetland inundation extent 
on net fluxes of carbon dioxide and methane in 
northern latitudes from 1993 to 2004

Zhuang, Q., X. Zhu, C. Prigent, J.M. Melillo, A.D. 
McGuire, R.G. Prinn, and D.W. Kicklighter

2012 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Linking vegetation composition to geomorphic 
units in a polygonal tundra landscape: A framework 
for improving estimates of plant functional type 
coverage in ecosystem models

Sloan, V.L., C. Iversen, J. Childs, E.S. Euskirchen, A.D. 
McGuire, and R.J. Norby

2012 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Methane emission through diffusion and ebullition in 
thaw wetlands in interior Alaska

Johnston, C.E., S.A. Ewing, R.K. Varner, J.W. Harden, 
M.R. Turetsky, and A.D. McGuire

2012 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Modeling leaf phenology variation by groupings 
within and across ecosystems in northern Alaska

Euskirchen, E.S., T.,B. Carman, and A.D. McGuire

2012 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Modeling the effects of fire severity on soil organic 
horizons and forest composition in interior Alaska

Genet, H., K.M. Barrett, J.F. Johnstone, A.D. McGuire, 
F. Yuan, E.S., Euskirchen, E.S. Kasischke, S.T. Rupp, and 
M.R. Turetsky

2012 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Modeling thermokarst dynamics in Alaska 
ecosystems

Zhang, Y. A.D. McGuire, H. Genet, W.R. Bolton, V.E. 
Romanovsky, G. Grosse, M.T. Jorgenson

2012 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Permafrost degradation and organic layer thickening 
over a climate gradient in a discontinuous 
permafrost region

Johnson, K.D., J.W. Harden, A.D. McGuire, F. Yuan, and 
M. Clark

2012 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

The Alaska Integrated Ecosystem Model: An 
interdisciplinary tool to assess the responses of 
natural resources in Alaska to climate change

McGuire, A.D., S.T. Rupp, A. Bennett, W.R. Bolton, A. 
Breen, E.S. Euskirchen, T. Kurkowski, S.S. Marchenko, 
V.E. Romanovsky, M.P. Waldrop, and F. Yuan

2012 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

The effects of forest fire on the frozen soil thermal 
state

Jafarov, E.E., H. Genet, V.E. Romanovsky, A.D. McGuire, 
and S.S. Marchenko

2012 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

The impact of lower sea ice extent on arctic 
greenhouse gas exchange

Parmentier, F.W., T.R. Christensen, L. Sorensen, S. 
Rysgaard, A.D. McGuire, P.A. Miller, and D.A. Walker

2012 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

The impact of permafrost thaw on land-atmosphere 
greenhouse gas exchange in recent decades over 
the northern high latitudes

Hayes, D.J., D.W. Kicklighter, A.D. McGuire, M. Chen, 
Q. Zhuang, J.M. Melillo, and S.D. Wullschleger

2012 NASA Arctic Boreal 
Vulnerability Experiment 
(ABoVE) Workshop. Boulder, 
Colorado

Importance of Research on Climate Change in the 
Arctic-Boreal Region

McGuire, A.D.

2012 Tenth International 
Conference on Permafrost. 
Salekhard, Russia

Vulnerability of permafrost carbon research 
coordination network

Schädel, C.,  A.D. McGuire, J. G. Canadell, J. W. 
Harden, P. Kuhry, V. E. Romanovsky, M. R. Turetsky, and 
E.A.G. Schuur

2013 16th International Boreal 
Forest Research Association 
Conference, Edmonton, 
Alberta, Canada

Modeling the effects of fire severity on soil 
organic horizons and its effects on permafrost and 
vegetation composition in Interior Alaska

Genet H., K. Barrett, A.D. McGuire, E.S. Kasischke, M. 
Turetsky, S. Rupp, E.S. Euskirchen, and F.M. Yuan

2013 16th International Boreal 
Forest Research Association 
Conference, Edmonton, 
Alberta, Canada

Modeling thermokarst dynamics in Alaskan 
ecosystems

Zhang, Y., H. Genet, A.D. McGuire, W.R. Bolton, V. 
Romanovsky, G. Grosse, and T. Jorgenson
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2013 16th International Boreal 
Forest Research Association 
Conference, Edmonton, 
Alberta, Canada

Multi-factor analysis of the forces driving carbon 
dynamics in the North American Boreal Forest over 
recent decades

Hayes, D., G. Stinson, W. Kurz and A.D. McGuire

2013 16th International Boreal 
Forest Research Association 
Conference, Edmonton, 
Alberta, Canada

Patterns in and controls over CO2 fluxes across a 
gradient of permafrost thaw in boreal Alaska

Euskirchen, E.S., C. Edgar, M.R. Turetsky, M. Waldrop, 
J.W. Harden, and A.D. McGuire

2013 Annual Meeting of the 
Ecological Society of America, 
Minneapolis, Minnesota

A regionalization approach to study vulnerability of 
Pan-Arctic permafrost stock to climate change

Goswami, S., D.J. Hayes, P. Kuhry, G. Hugelius, 
C. Schaedel, D. Olefeldt, G. Grosse, G. Chen, A. 
Lewkowicz, V. Romanovsky, S. Zubrzycki, S. Gruber, J. 
Vonk, A.D. McGuire, and E.A.G. Schuur

2013 Annual Meeting of the 
Ecological Society of America, 
Minneapolis, Minnesota

Model simulations driven by paleo-forcing data 
reveal large and rapid responses of carbon storage 
to boreal fire-regime shifts

Kelly, R., H. Genet, A.D. McGuire, and F.S. Hu

2013 Annual Meeting of the 
Ecological Society of America, 
Minneapolis, Minnesota

Vegetation dynamics in a changing Arctic: Improved 
biogeochemistry response to warming climate 
through a detailed representation of leaf phenology

Euskirchen, E., T.B. Carman, and A.D. McGuire

2013 Annual Meeting of the 
European Geophysical Union, 
Vienna, Austria

The impact of a low sea ice extent on arctic 
greenhouse gas exchange

Parmentier, F-J., T.R. Christensen, L.L. Sorensen, S. 
Rysgaard, A.D. McGuire, P.A. Miller, and D.A. Walker

2013 Arctic Science Summit Week, 
Krakow, Poland

Tundra fire and vegetation dynamics: Simulating the 
effects of climate change on fire regimes in Arctic 
ecosystems. The Changing North: Predictions and 
Scenarios Session

Breen, A. L., A. Bennett, R. E. Hewitt, A. Springsteen, 
M. Lindgren, T. N. Hollingsworth & T. S. Rupp

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

A comparison in postfire ecosystem structure 
between two Alaska Arctic regions.

T. N. Hollingsworth; M. C. Mack; A. L. Breen

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Application of a catchment characterization 
hydrologic model for exploring parameter 
sensitivities in a boreal forest, discontinuous 
permafrost ecosystem

D. Morton; W. R. Bolton; J. Young; L. D. Hinzman

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Biomass and production of tundra vegetation under 
three eddy covariance towers at Imnavait Creek, 
Alaska

M. S. Bret-Harte; E. S. Euskirchen; C. Edgar ; D. C. 
Huebner; K. Okano; C. L. Tucker; H. Genet; P. M. Ray; 
G. R. Shaver

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Challenges for understanding the combined impacts 
of climate change and the 2001-2010 fires on 
carbon cycling in Alaskan boreal forests (Invited)

E. S. Kasischke; H. D. Alexander; K. Barrett; H. Genet; 
S. J. Goetz; J. W. Harden; E. Hoy; J. F. Johnstone; T. 
Jorgenson; E. S. Kane; M. Kavenskiy; M. C. Mack; A. D. 
McGuire; S. R. Mitchell; J. A. O'Donnell; M. Turetsky

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Challenges in Modeling Disturbance Regimes and 
Their Impacts in Arctic and Boreal Ecosystems 
(Invited)

A. D. McGuire; T. S. Rupp; W. Kurz

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Characterization of an Active Thermal Erosion Site, 
Caribou Creek, Alaska

R. Busey; W. R. Bolton; J. E. Cherry; L. D. Hinzman

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Effects of permafrost thaw on nitrogen availability 
and plant nitrogen acquisition in Interior Alaska

R. Finger ; E. S. Euskirchen; M. Turetsky

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Evaporation Dynamics of Moss and Bare Soil in 
Boreal Forests

S. Dempster ; J. M. Young; C. G. Barron; W. R. Bolton

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

GOSAT CH4 and CO2, MODIS Evapotranspiration 
on the Northern Hemisphere June and July 2009, 
2010 and 2011

R. R. Muskett

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Labile carbon concentrations are strongly linked to 
plant production in Arctic tussock tundra soils

A. Darrouzet-Nardi; M. N. Weintraub; E. S. Euskirchen; 
H. Steltzer ; P. Sullivan

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Last Decade of Changes in Ground Temperature 
and Active Layer Thickness in the High Canadian 
Arctic and in Barrow

V. E. Romanovsky; W. Cable; D. A. Walker ; K. 
Yoshikawa; S. S. Marchenko
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2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Leaves are just the tip of the iceberg: A review of 
plant roots in Arctic tundra

C. M. Iversen; V. L. Sloan; P. Sullivan; E. S. Euskirchen; A. 
D. McGuire; R. J. Norby; A. P. Walker ; J. Warren; S. D. 
Wullschleger

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Microbial communities of the deep unfrozen: Do 
microbes in taliks increase permafrost carbon 
vulnerability? (Invited)

M. P. Waldrop; S. Blazewicz; M. Jones; J. W. Mcfarland; 
J. W. Harden; E. S. Euskirchen; M. Turetsky; J. Hultman; 
J. Jansson

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Modeled change in carbon balance between 1970-
2100 of a polygonal arctic tundra ecosystem near 
Barrow, Alaska

M. J. Lara; A. D. McGuire; E. S. Euskirchen; V. L. Sloan; 
C. M. Iversen; R. J. Norby; H. Genet; Y. Zhang; F. Yuan

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Modeling post-fire vegetation succession and its 
effect on permafrost vulnerability and carbon 
balance.

H. Genet; A. D. McGuire; J. F. Johnstone; A. L. Breen; E. 
S. Euskirchen; M. C. Mack; A. M. Melvin; T. S. Rupp; E. A. 
Schuur; F. Yuan

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Modeling Thermokarst Dynamics in Alaska 
Ecosystems: Description of the Predisposition and 
Initiation/Expansion Sub-models

Y. Zhang; A. D. McGuire; H. Genet; W. R. Bolton; V. E. 
Romanovsky; G. Grosse; T. Jorgenson; M. Lara

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Paleodata-model integration reveals uncertain 
boreal forest carbon balance due to rapid recent fire 
regime change

R. Kelly; H. Genet; D. McGuire; F. Hu

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Simulating carbon and water fluxes at Arctic and 
boreal ecosystems in Alaska by optimizing the 
modified BIOME-BGC with eddy covariance data

M. Ueyama; M. Kondo; K. Ichii; H. Iwata; E. S. 
Euskirchen; D. Zona; A. V. Rocha; Y. Harazono; T. Nakai; 
W. C. Oechel

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Simulation of Water and Land-surface Feedbacks in 
a Polygonal Tundra Environment

W. R. Bolton; R. Busey; L. D. Hinzman; S. D. Peckham

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Spatial distribution of thermokarst landforms across 
Arctic Alaska

L. M. Farquharson; G. Grosse; V. E. Romanovsky; B. M. 
Jones; C. D. Arp; A. D. McGuire

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

The implications of microbial and substrate limitation 
for the fates of carbon in different organic soil 
horizon types: a mechanistically based model analysis

Y. He; Q. Zhuang; J. W. Harden; A. D. McGuire; Z. Fan; 
Y. Liu

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

The Role Of Disturbance In Driving Carbon 
Dynamics Across The North American Boreal Forest 
In Recent Decades

D. J. Hayes; G. Chen; G. Stinson; W. Kurz; A. D. 
McGuire

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

The Role of Explicitly Modeling Bryophytes in 
Simulating Carbon Exchange and Permafrost 
Dynamics of an Arctic Coastal Tundra at Barrow, 
Alaska

F. Yuan; P. E. Thornton; A. D. McGuire; W. C. Oechel; B. 
Yang; C. E. Tweedie; A. Rogers; R. J. Norby

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

The Vulnerability of Permafrost Carbon: A 
Retrospective Analysis of Changes in Permafrost 
Area and Carbon Storage Simulated by Process-
Based Models between 1960 and 2009 (Invited)

A. D. McGuire

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Toward Improved Parameterization of a Meso-Scale 
Hydrologic Model in a Discontinuous Permafrost, 
Boreal Forest Ecosystem

A. M. Endalamaw; W. R. Bolton; J. M. Young; D. Morton; 
L. D. Hinzman

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Tree Water Use May Significantly Impact Boreal 
Hydrology

J. M. Young; W. R. Bolton

2013 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Tundra fire and vegetation dynamics: simulating the 
effect of climate change on fire regimes in Arctic 
ecosystems

A. L. Breen; A. Bennett; R. Hewiitt; T. Hollingsworth; H. 
Genet; E. S. Euskirchen; T. S. Rupp; A. D. McGuire

2013 Fourth North America 
Carbon Program All 
Investigators Meeting, 
Albuquerque, New Mexico

An assessment of the carbon balance of arctic 
tundra in North America: Comparisons among 
observations, process models, and atmospheric 
inversions

McGuire, A.D., D.J. Hayes, T.R. Christensen, A. Heroult, 
E.S. Euskirchen, J.S. Kimball, C. Koven, P. Lafleur, P. 
Miller, W.C. Oechel, P. Peylin, M.D. Williams, and Y. Yi

2013 Fourth North America 
Carbon Program All 
Investigators Meeting, 
Albuquerque, New Mexico

CO2 and CH4 fluxes and net C storage following 
permafrost thaw in interior Alaska

Waldrop, M., J. McFarland, E. Euskirchen, M. Turetsky, J. 
Harden, K. Manies, M. Jones, and A.D. McGuire
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2013 Fourth North America 
Carbon Program All 
Investigators Meeting, 
Albuquerque, New Mexico

Modeling the effects of changes in fire severity on 
soil organic horizons and forest composition in 
interior Alaska

Genet, H., K. Barrett, J. Johnstone, A.D. McGuire, F. 
Yuan, E. Euskirchen, E. Kasischke, S. Rupp, and M. 
Turetsky

2013 Fourth North America 
Carbon Program All 
Investigators Meeting, 
Albuquerque, New Mexico

Quantifying CO2 fluxes across a gradient of 
permafrost thaw in boreal Alaska

Euskirchen, E., C. Edgar, M. Waldrop, M. Turetsky, J. 
Harden, and A.D. McGuire

2013 Fourth North America 
Carbon Program All 
Investigators Meeting, 
Albuquerque, New Mexico

The impacts of permafrost thaw on land-
atmosphere greenhouse gas exchange

Hayes, D., D. Kicklighter, A.D. McGuire, Q. Zhuang, J. 
Melillo, and S. Wullschleger

2013 Fourth North America 
Carbon Program All 
Investigators Meeting, 
Albuquerque, New Mexico

The Permafrost Regionalization Map (PeRM) for 
studying the vulnerability of permafrost carbon

Goswami, S., D. Hayes, P. Kuhry, G. Hugelius, A.D. 
McGuire, and E. Schuur

2013 NGEE-Arctic Workshop: 
Migrating knowledge across 
spatial scales to improve 
climate prediction

Incorporating field data into a high resolution 
biogeochemistry ecosystem model with dynamic 
vegetation and organic soil layers.

Euskirchen E.S

2013 Society of American Foresters 
2013 National Convention, 
Charleston, South Carolina

Biodiversity increases individual productivity: 
Evidence and mechanism

Liang, J., M. Zhou, P. Tobin, and A.D. McGuire

2014 Arctic Change Conference. 
Ottawa, Ontario

The Integrated Ecosystem Model for Alaska and 
Northwest Canada: An interdisciplinary decision 
support tool to inform adaptation to Arctic 
environmental change

Breen, A. L., A. D. McGuire, T. S. Rupp, E. Euskirchen, S. 
Marchenko, V. E. Romanovsky & the IEM Team. 

2014 European Geophysical Union, 
Vienna, Austria

Higher methane emissions in regions of sea ice 
retreat

Parmentier, F.-J.W., W. Zhang, Y. Mi, X. Zhu, P.A. 
Miller, K. van Huissteden, D. Hayes, Q. Zhuang, A.D. 
McGuire, and T.R. Christensen

2014 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

An Assessment of Thermokarst Driven Changes in 
Land Cover of the Tanana Flats Wetland Complex of 
Alaska from 2009 to 2100 in response to Climate 
Warming

Yujin Zhang, Helene Genet, Mark Lara, Anthony 
McGuire, Jennifer Roach, Vijay Patil, Vladimir 
Romanovsky, William Bolton, Ruth Rutter

2014 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Arctic Diurnal Land-Surface Temperature Range 
Changes Derived by NASA MODIS-Terra and 
-Aqua 2000 through 2012

Reginald Muskett

2014 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Assessment of Model Estimates of Land-
Atmosphere CO2 Exchange Across Northern 
Eurasia

Michael Rawlins, Anthony McGuire, John Kimball, 
Pawlok Dass

2014 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Changes in Landscape-level Carbon Balance of an 
Arctic Coastal Plain Tundra Ecosystem Between 
1970-2100, in Response to Projected Climate 
Change

Mark Lara, Anthony McGuire, Eugenie Euskirchen, 
Helene Genet, Victoria Sloan, Colleen Iversen, 
Richard Norby, Yujin Zhang, Fengming Yuan

2014 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Climate Change and the Permafrost Carbon 
Feedback

Edward Schuur et al

2014 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Controls on northern wetland methane emissions: 
insights from regional synthesis studies and the 
Alaska Peatland Experiment (APEX)

Merritt Turetsky, Eugenie Euskirchen, Claudia 
Czimczik, Mark Waldrop, David Olefeldt, Zhaosheng 
Fan, Evan Kane, Anthony McGuire, Jennifer Harden

2014 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Distributed Permafrost Observation Network in 
Western Alaska: the First Results

Vladimir Romanovsky, William Cable, Sergey 
Marchenko, Santosh Panda

2014 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Higher methane emissions in regions of sea ice 
retreat

Parmentier, F.J.W., W. Zhang, Y. Mi, X. Zhu, P.A. Miller, 
J. van Huissteden, D. Hayes, Q. Zhang, A.D. McGuire, 
and T.R. Christensen

2014 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Initial Conceptualization and Simulation of Arctic 
Tundra Landscape Evolution Using the Alaska 
Thermokarst Model

William Bolton, Vladimir Romanovsky, Anthony 
McGuire, Guido Grosse, Mark Lara
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2014 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Long-Term Release of Carbon Dioxide from Arctic 
Tundra Ecosystems in Northern Alaska

Eugenie Euskirchen, Marion Bret-Harte, Colin Edgar, 
Gaius Shaver

2014 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Modeled changes in terrestrial C storage on the 
Arctic coastal plain of Alaska suggest a mid-century 
21st shift from C sink to source.

Colin Tucker, Eugenie Euskirchen, Helene Genet, 
Anthony McGuire, Scott Rupp, Amy Breen, Thomas 
Kurkowski, Alec Bennett, Gary Kofinas

2014 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Past and Prospective Carbon Stocks of United 
States Forests: Implications for Research Priorities 
and Mitigation Policies

Richard Birdsey, Yude Pan, Anthony McGuire, 
Fangmin Zhang, Jing Chen

2014 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Terrestrial ecosystem model performance for net 
primary productivity and its vulnerability to climate 
change in permafrost regions

Jianyang Xia et al

2014 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

The Importance of Explicitly Representing Soil 
Carbon with Depth over the Permafrost Region in 
Earth System Models: Implications for Atmospheric 
Carbon Dynamics at Multiple Temporal Scales 
between 1960 and 2300.

Anthony McGuire

2014 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

The Importance of Permafrost Thaw, Fire and 
Logging Disturbances as Driving Factors of Historical 
and Projected Carbon Dynamics in Alaskan 
Ecosystems

Helene Genet, Yujin Zhang, Anthony McGuire, 
Yujie He, Kristofer Johnson, David D'Amore, 
Xiaoping Zhou, Alec Bennett, Amy Breen, Frances 
Biles, Norman Bliss, Eugenie Euskirchen, Thomas 
Kurkowski, Neal Pastick, Scott Rupp, Bruce Wylie, 
Zhiliang Zhu, Qianlai Zhuang

2014 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

The Vulnerability of Permafrost from 1960 to 
2300 Based on Simulations of the Process-Based 
Model GIPL2 Across the Permafrost Region in the 
Northern Hemisphere: Implications for Soil Carbon 
Vulnerability

Sergey Marchenko, Dmitry Nicolsky, Vladimir 
Romanovsky, Anthony McGuire

2014 International Arctic Science 
Committee, Workshop 
on ‘Quantifying Albedo 
Feedbacks and their Role in 
the Mass Balance of the Arctic 
Cryosphere’. Bristol, UK

Albedo and permafrost feedbacks to climate in high 
latitude terrestrial ecosystems

Euskirchen, E.S.

2014 National Evolutionary 
Synthesis Center Workshop, 
‘Scaling evolution from 
genomes to ecosystem in 
peatmoss (Sphagnum), Duke 
University, Raleigh, NC.

Dynamic vegetation models: Simulating Sphagnum Euskirchen, E.S.

2014 Third Carbon Pools in 
Permafrost Regions Workshop. 
Stockholm, Sweden

Retrospective and future assessments of the 
vulnerability of permafrost and carbon in the earth 
system: Comparison of dynamics among process-
based models

McGuire, A.D., and Members of the Permafrost 
Carbon Vulnerability Research Coordination 
Modeling Working Group

2014 US – International Association 
of Landscape Ecologists 
Annual Symposium. 
Anchorage, Alaska

Century time-scale implications for change in peak 
growing season carbon flux in ice wedge polygonal 
tundra on the Barrow, Peninsula

Lara, M., A.D. McGuire, and E.S. Euskirchen

2014 US – International Association 
of Landscape Ecologists 
Annual Symposium. 
Anchorage, Alaska

The Integrated Ecosystem Model (IEM) for Alaska 
and Northwest Canada: An interdisciplinary tool to 
assess the responses of natural resources to climate 
change

McGuire, A.D., T.S. Rupp, A. Breen, E. Euskirchen, and 
V. Romanovsky

2015 17th International Boreal 
Forest Research Association 
Conference, Rovaniemi, 
Finland

A synthesis of carbon balance of Alaska and 
projected changes in the 21st Century: Implications 
for climate policy and carbon management at local, 
regional, national, and international scales

McGuire, A.D., Helene Genet, and Members of the 
Alaska Land Carbon Assessment Team

2015 17th International Boreal 
Forest Research Association 
Conference, Rovaniemi, 
Finland

National Greenhouse Gas Inventories in Boreal 
Forests:  The US Experience in Interior Alaska

Woodall, C.W., H.E. Andersen, C. Babcock, B. Cook, 
G. Domke, H. Genet, A. Gray, K. Johnson, S. Jovan, 
B. McCune, A.D. McGuire, D. Morton, R. Pattison, S. 
Ogle, B. Schulz, J. Smith, R. Smith, and A. Swan
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2015 68th Canadian Geotechnical 
Conference and 7th Canadian 
Permafrost Conference, 
Quebec City, Quebec, Canada.

Recent synthesis of research on the permafrost 
carbon feedback

Turetsky, M.R., EAG. Schuur, C. Schadel, A.D. McGuire, 
D. Olefeldt, and G. Hugelius

2015 Environmental and Engineering 
Geophysical Society Annual 
Conference

Application of electrical resistivity tomography in 
two wetland systems north of the Tanana River, 
Interior Alaska

Conaway, C., T. Lorenson, C. Johnson, M. Waldrop, 
A.D. McGuire, M. Turetsky, E. Euskirchen, and P.W. 
Swarzenski

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

A simplified, data-constrained approach to estimate 
the permafrost carbon-climate feedback: The PCN 
Incubation-Panarctic Thermal(PInc-PanTher) Scaling 
Approach

C. Koven; E. Schuur; C. Schaedel; T. Bohn; E. Burke; 
G. Chen; X. Chen; P. Ciais; G. Grosse; J. Harden; D. 
Hayes; G. Hugelius; E. Jafarov; G. Krinner; P. Kuhry; 
D. Lawrence; A. MacDougall; S. Marchenko; A. 
McGuire; S. Natali; D. Nicolsky; D. Olefeldt; S. Peng; 
V. Romanovsky; K. Schaefer ; J. Strauss; C. Treat; M. 
Turetsky

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Active-Layer Soil Moisture Content Regional 
Variations in Alaska and Russia by Ground-Based and 
Satellite-Based Methods, 2002 Through 2014

R. Muskett; V. Romanovsky; W. Cable; A. Kholodov

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Assessing the Contributions of Thermokarst and 
Thermal Erosion in Permafrost Feedbacks to 
Climate

M. Turetsky; A. McGuire; D. Olefeldt

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Assessment of the permafrost changes in the 21st 
century and their impact on infrastructure in the 
Alaskan Arctic

D. Nicolsky; V. Romanovsky; S. Panda; S. Marchenko; 
R. Muskett

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Detecting and Forecasting Permafrost Degradation 
in a Warming Climate

V. Romanovsky; W. Cable; A. Kholodov; D. Nicolsky; S. 
Marchenko; S. Panda; R. Muskett

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Future of Plant Functional Types in Terrestrial 
Biosphere Models

S. Wullschleger ; E. Euskirchen; C. Iversen; A. Rogers; 
S. Serbin

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Getting to the root of the matter : Landscape 
implications of plant-fungal interactions for tree 
migration in Alaska

R. Hewitt; A. Bennett; A. Breen; T. Hollingsworth; D. 
Taylor ; T. Chapin; S. Rupp

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Identifying the main drivers of soil carbon response 
to climate change in arctic and boreal Alaska.

H. Genet; A. McGuire; Y. He; K. Johnson; B. Wylie; N. 
Pastick; Q. Zhuang; Z. Zhu

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Improving the assessment of the State of the 
Carbon Cycle in North America by intergrating 
inventory- and process- based approaches: A case 
study for Canada

D. Hayes; C. Smith; G. Chen; W. Kurz; G. Stinson; A. 
McGuire

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Inclusion of Additional Plant Species and Trait 
Information in Dynamic Vegetation Modeling of 
Arctic Tundra and Boreal Forest Ecosystem (Invited)

E. Euskirchen; V. Patil; J. Roach; B. Griffith; A. McGuire

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Initial Conceptualization and Application of the 
Alaska Thermokarst Model

W. Bolton; M. Lara; H. Genet; V. Romanovsky; A. 
McGuire

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Merging Field Measurements and High Resolution 
Modeling to Predict Possible Societal Impacts of 
Permafrost Degradation

V. Romanovsky; D. Nicolsky: S. Marchenko; W. Cable; 
S. Panda

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Microbial communities and greenhouse 
gas production from a thermokarst bog 
chronosequence: Mechanisms of rapid carbon loss

M. Waldrop; M. Jones; K. Manies; J. Mcfarland; S. 
Blazewicz; J. Keller ; M. Haw; J. Harden; C. Medvedeff; 
M. Turetsky

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Sensitivity of Residual Soil Moisture Content in VIC 
Model Soil Property Parameterizations for Sub-arctic 
Discontinuous Permafrost Watersheds

A. Endalamaw; W. Bolton; L. Hinzman; D. Morton; J. 
Cable

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Succession Stages of Tundra Plant Communities 
Following Wildfire Disturbance in Arctic Alaska

A Breen; T. Hollingsworth; M. Mack; B. Jones

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

The Alaska Land Carbon Assessment: Baseline and 
Projected Future Carbon Storage and Greenhouse-
gas Fluxes in Ecosystems of Alaska

A. McGuire; H. Genet; Y. He; S. Stackpoole; D. 
D'Amore; S. Rupp; B. Wylie; A.; X. Zhou; Z. Zhu
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2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

The Permafrost Condition from 1960 to 2300 Based 
on Simulations of the GIPL2 Permfrost Dynamics 
Model across Eurasia: Implications for Soil Carbon 
Vulnerability, Infrastructure and Socio-economic 
Impacts

S. Marchenko; D. Streletskiy; V. Romanovsky; D. 
McGuire; N. Shiklomanov

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

The Temporal Evolution of Changes in Carbon 
Storage in the Northern Permafrost Region 
Simulated by Carbon Cycle Models between 2010 
and 2300: Implications for Atmospheric Carbon 
Dynamics

A. McGuire; D. Lawrence; E. Burke; G. Chen; E. Jafarov; 
C. Koven; A. MacDougall; D. Nicolsky; S. Peng; A. 
Rinke

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Thermokarst Rates Intensify Due to Climate Change 
and Forest Fragmentation in an Alaskan Boreal 
Forest Lowland

M. Lara; H. Grant; A. McGuire; E. Euskirchen; Y. Zhang; 
D. Brown; T. Jorgenson; V. Romanovsky; A. Breen; W. 
Bolton

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Thermokarst terrain: pan-Arctic distribution and soil 
carbon vulnerability

D. Olefeldt; S. Goswami; G. Grosse; D. Hayes; G. 
Hugelius; P. Kuhry; A. McGuire; V. Romanovsky; B. 
Sannel; E. Schuur; M. Turetsky

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Towards a better understanding of the sensitivity 
of permafrost and soil carbon to climate and 
disturbance-induced change in Alaska

N. Pastick; T. Jorgenson; B. Wylie; B. Minsley; D. Brown; 
H. Genet; K. Johnson; A. McGuire; A. Kass; J. Knight

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Using Multiple Soil Carbon Maps Facilitates Better 
Comparisons with Large Scale Modeled Outputs

K. Johnson; D. D'Amore; N. Pastick; H. Genet; U. 
Mishra; B Wylie; N. Bliss

2015 Fall Meeting of the American 
Geophysical Union, San 
Francisco, California

Variability in the Geographis Distribution of Fires in 
Interior Alaska Considering Cause, Human Proximity, 
and Level of Supression

M. Calef; A. Varvak; A. McGuire; T. Chapin

2015 Goldschmidt 2015 
Conference. Prague, Czech 
Republic

Pan-arctic trends in lake and wetland thermokarst: 
Implications for carbon storage and methane fluxes

Turetsky, M.R., D. Olefeldt, and A.D. McGuire

2015 North American Carbon 
Program All Scientists Meeting. 
Washington, DC

The importance of permafrost thaw, fire and 
logging disturbances as driving factors of historical 
and projected carbon dynamics in Alaskan upland 
ecosystems

Genet H., Zhang Y., McGuire A.D., He Y., Johnson K., 
D’Amore D., Zhou X., Bennett A., Biles F., Bliss N., 
Breen A., Euskirchen E.S., Kurkowski T., Pastick N., 
Rupp S., Wylie B., Zhu Z., and Zhuang Q

2015 North American Carbon 
Program Meeting. Washington, 
DC

A synthesis of terrestrial carbon balance of Alaska 
and projected changes in the 21st Century: 
Implications for climate policy and carbon 
management at local, regional, national, and 
international scales

McGuire, A.D., and Members of the Alaska Land 
Carbon Assessment Team

2015 North American Carbon 
Program Meeting. Washington, 
DC

On the integration of inventory- and process- based 
approaches to determine Canada’s full forest carbon 
budget and the forces that drive it

Hayes, D., G. Chen, W. Kurz, G. Stinson, and A.D. 
McGuire

2015 North American Carbon 
Program Meeting. Washington, 
DC

Representing soil carbon dynamics in global land 
models to improve future IPCC assessments

Luo, Y., et al. (including A.D. McGuire)

2015 North American Carbon 
Program Meeting. Washington, 
DC

The Alaska Forest Disturbance Carbon Tracking 
System

Loboda, T., Kasischke, E., McGuire, A.D., Genet, H., and 
Hoy, E

2015 Pacific Islands CSC Hawaii 
Downscaling Workshop. 
Honolulu, HI

Choosing and Using Climate Scenarios in Alaska: 
Implications of "Data Sparse" for Climate Services

Littell, J.S.

2015 Workshop on Traits Methods 
for Representing Ecosystem 
Change. Rockville, MD

Plant community dynamics and traits as represented 
by in the Dynamic Vegetation Module of the 
Terrestrial Ecosystem Model

Euskirchen, E.S.

2016 14th International Circumpolar 
Remote Sensing Symposium. 
Homer, Alaska

A model-data integration framework for NASA-
ABoVE: The role of remote sensing in process-based 
model representation of Arctic ecosystem dynamics.

Hayes, D.J., J.B. Fisher, E.J. Stofferahn, C.R. Schwalm, 
D.N. Huntzinger, and A.D. McGuire. 

2016 Association of American 
Geographers Annual Meeting. 
San Francisco, CA

Geographic distribution of fire ignitions and area 
burned in interior Alaska considering cause, human 
proximity, and level of suppression

Calef, M.P., A. Varvak, L. DeWilde, A.D. McGuire, and 
F.S. Chapin III

2016 Ecological Society of America, 
Fort Lauderdale, FL

No Analog Arctic? Ecological Drought in Northern 
Ecosystems

Littell, J.S.
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2016 Eleventh International 
Conference on Permafrost. 
Potsdam, Germany

Comparing permafrost soil carbon pools from 
coupled earth system models to empirically derived 
datasets

Hugelius, G., A.D. McGuire, T.J. Bohn, E.J. Burke, S. 
Chadburn, G. Chen, X. Chen, D.J. Hayes, E.E. Jafarov, 
C.D. Koven, A.H. MacDougall, S. Peng, and K.M. 
Schaefer

2016 Eleventh International 
Conference on Permafrost. 
Potsdam, Germany

Conceptualization and application of the Alaska 
Thermokarst Model

Bolton, W.R., M. Lara, H. Genet, V. Romanovsky, A.D. 
McGuire

2016 Eleventh International 
Conference on Permafrost. 
Potsdam, Germany

Diagnostic and model dependent uncertainty of 
simulated Tibetan permafrost area

Wang, W., A. Rinke, J.C. Moore, X. Cui, D. Ji, Q. Li, 
N. Zhang, C. Wang, S. Zhang, D.M. Lawrence, A.D. 
McGuire, W. Zhang, C. Delire, C. Koven, K. Saito, A. 
MacDougall, E. Burke, and B. Decharme

2016 Eleventh International 
Conference on Permafrost. 
Potsdam, Germany

High resolution soil temperature and active 
layer dataset for estimating rates of permafrost 
degradation and their impact on ecosystems, 
infrastructure, CO2 and CH4 fluxes and net C 
storage following permafrost thaw in Alaska and 
Northwest Canada

Marchenko, S., H. Genet, E. Euskirchen, A.D. McGuire, 
T.S. Rupp, W.R. Bolton, A. Breen, M. Waldrop, S. 
McAfee, F. Yuan, Y. Zhang, V. Romanovsky, J. Walsh, T. 
Kurkowski, M. Lindgren, A. Bennett, M. Leonawicz, T. 
Carman, A. Floyd, and K. Timm

2016 Eleventh International 
Conference on Permafrost. 
Potsdam, Germany

How well do observations, models and experiments 
represent the circumarctic-scale spatial variability in 
permafrost carbon vulnerability?

Hayes, D.J., P. Kuhry, S. Goswami, G. Grosse, A.D. 
McGuire, and E.A.G. Schuur

2016 Eleventh International 
Conference on Permafrost. 
Potsdam, Germany

Mapping polygonal tundra geomorphology across 
the Arctic Coastal Plain of Alaska

Lara, M.J., P. Martin, and A.D. McGuire

2016 Eleventh International 
Conference on Permafrost. 
Potsdam, Germany

Modeling landscape vulnerability to thermokarst 
disturbance in boreal Alaska

Genet, H., M. Lara, W.R. Bolton, A.D. McGuire, V. 
Romanovsky, and M. Turetsky

2016 Eleventh International 
Conference on Permafrost. 
Potsdam, Germany

Quantifying the impact of permafrost dynamics on 
soil carbon accumulation in response to climate 
change and wildfire intensification in Alaska

Genet, H., Y. He, A.D. McGuire, Q. Zhuang, Z. Zhu, N. 
Pastick, B. Wylie, and K. Johnson

2016 Eleventh International 
Conference on Permafrost. 
Potsdam, Germany

The Temporal Evolution of Changes in Carbon 
Storage in the Northern Permafrost Region 
Simulated by Carbon Cycle Models between 2010 
and 2300: Implications for Atmospheric Carbon 
Dynamics

McGuire, A.D., D. Lawrence, E. Burke, G. Chen, E. 
Jafarov, C. Koven, A. MacDougall, D. Nicolsky, S. Peng, 
and D. Ji.

2016 Eleventh International 
Conference on Permafrost. 
Potsdam, Germany

Thermokarst rates intensify due to climate change 
and forest fragmentation in an Alaskan boreal forest 
lowland. Eleventh International Conference on 
Permafrost

Lara, M.J., H. Genet, A.D. McGuire, E.S. Euskirchen, Y. 
Zhang, D.R.N. Brown, M.T. Jorgenson, V. Romanovsky, 
A. Breen, and W.R. Bolton

2016 Eleventh International 
Conference on Permafrost. 
Potsdam, Germany

Upscaling permafrost carbon loss from thermokarst 
and thermal erosion across the northern permafrost 
domain

Turetsky, M., A.D. McGuire, and D. Olefeldt

2016 Interagency Arctic Research 
Policy Committee (IARPC) 
Wildfire Collaboration Team 
Meeting

The Alaska Land Carbon Assessment: Baseline and 
Projected Future Carbon Storage and Greenhouse-
gas Fluxes in Ecosystems of Alaska

McGuire, A.D., H. Genet, Y. He, S. Stackpoole, D. 
D’Amore, T.S. Rupp, B. Wylie, X. Zhou, and Z. Zhu

2016 National Center for 
Atmospheric Research 
USACE Alaska Project 
Development Meeting. 
Boulder, CO

Climate Information Needs in Alaska: Current Uses, 
Stakeholder Requests, and Opportunities

Littell, J.S.

2016 The Ecosystem Approach to 
Management International 
Conference. Fairbanks, Alaska. 

The Integrated Ecosystem Model for Alaska and 
Northwest Canada: An interdisciplinary decision 
support tool to inform adaptation to Arctic 
environmental change

Bolton, W. R., Breen, A.L., A.D. McGuire, T.S. Rupp, E. 
Euskirchen, S. Marchenko, V. E. Romanovsky, and the 
IEM Team.
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SECTION 5. OUTREACH  
ACTIVITIES & PRESENTATIONS

Type Year Venue / Forum Title Author(s) Link (If applicable)

Presentation 2010 Arctic Landscape 
Conservation 
Cooperative

An Integrated Ecosystem Model for 
Alaska

Breen, A. L., T. S. 
Rupp, D. McGuire, 
V. Romanovsky, E. 
Euskirchen & S. 
Marchenko

Presentation 2011 Alaska Fire Science 
Workshop. Fairbanks, 
Alaska

Identifying indicators of state change and 
forecasting future vulnerability in Alaska 
boreal ecosystems

McGuire, A.D. 

Presentation 2011 Climate Change 
Seminar Series. 
University of Alaska 
Fairbanks, Alaska

Vegetation change in western Alaska Breen, A. L.

Webinar 2011 US Geological 
Survey Land Use 
and Climate Change 
Brown Bag Seminar

An Integrated Ecosystem Model for 
Alaska

Breen, A. L., T. S. 
Rupp, D. McGuire, 
V. Romanovsky, E. 
Euskirchen & S. 
Marchenko

Fact Sheet 2012 Alaska Integrated Ecosystem Model Fact 
Sheet

https://csc.alaska.edu/resource/
alaska-integrated-ecosystem-
model-fact-sheet

Magazine 2012 Alaska Park Science Using integrated ecosystem modeling to 
understand climate change

Gray, S.T., A. Bennett, 
W.R. Bolton, A.L. 
Breen, T. Carman, E. 
Euskirchen, H. Genet, 
E. Jafarov, J. Jenkins, T. 
Kurkowski, M. Lindgren, 
P. Martin, S. McAfee, 
A.D. McGuire, S. 
Marchenko, R. Muskett, 
S. Panda, J. Reynolds, 
A. Robertson, V. 
Romanovsky, T.S. Rupp, 
K. Timm, and Y. Zhang

https://csc.alaska.edu/resource/
using-integrated-ecosystem-
modeling-understand-climate-
change

News Story 2012 Alaska News Nightly Computer Model To Predict Climate-
Driven Ecosystem Changes

Edge, J. http://www.alaskapublic.
org/2012/05/02/alaska-news-
nightly-may-2-2012/

Webinar 2012 Western Alaska 
Landscape 
Conservation 
Cooperative

Alaska Integrated Ecosystem Model D. McGuire, Breen, 
A. L., T. S. Rupp,V. 
Romanovsky, E. 
Euskirchen & S. 
Marchenko

Presentation 2012 Denali National Park 
Summer Science 
Series

Assessing Responses of Alaska’s 
Ecological Resources to Climate Change

McGuire, A. D. 

Report 2012 2012 Annual Report on the Integrated 
Ecosystem Model for Alaska and Canada 
Project

https://csc.alaska.edu/
resource/2012-annual-report-
integrated-ecosystem-model-
alaska-and-canada-project

Webinar 2012 Arctic LCC Webinar An Integrated Ecosystem Model for 
Alaska

McGuire, A. D. 
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Webinar 2012 Alaska Center for 
Climate Assessment 
& Policy Climate 
Webinar Series

An Integrated Ecosystem Model for 
Alaska

Breen, A. L., T. S. 
Rupp, D. McGuire, 
V. Romanovsky, E. 
Euskirchen & S. 
Marchenko

https://accap.uaf.edu/webinar/
development-and-application-
integrated-ecosystem-model-
alaska

Webinar 2012 Arctic Landscape 
Conservation 
Cooperative

Alaska Integrated Ecosystem Model: The 
pilot year

Breen, A. L., T. S. 
Rupp, D. McGuire, 
V. Romanovsky, E. 
Euskirchen & S. 
Marchenko

White Paper 2012 Modeling Thermokarst Dynamics in 
Boreal and Arctic regions of Alaska and 
Northwest Canada: A White Paper

McGuire, A. D. https://csc.alaska.edu/resource/
modeling-thermokarst-dynamics-
boreal-and-arctic-regions-alaska-
and-northwest-canada-white

Article 2013 Landscape 
Conservation 
Cooperatives in 
Alaska Quaterly 
Newsletter

Partner Highlight: Integrated Ecosystem 
Model for Alaska and Northwest 
Canada

Presentation 2014 Climate, 
Conservation, and 
Community in Alaska 
and Northwest 
Canada

The Integrated Ecosystem Model for 
Alaska and Northwest Canada: An 
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